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Heat Treatment — Its Effect On the Combined 
Carbon and Physical Properties of Wheel Iron 


By S. C. Massari*, Cuicaao, Inu. 
Abstract 


The heat treatment of cast iron is growing in im- 
portance and its successful accomplishment is largely the 
result of a thorough understanding of the behavior of the 
metal when subjected to various heat treating tempera- 
tures. Whether this heat treatment involves merely an- 
nealing or reheating to various temperatures prior to 
quenching, the final result is influenced by the tempera- 
ture and the time at the temperature to which the casting 
is subjected. This investigation describes the effect of heat 
treating a low silicon gray cast iron typical of the plate 
and hub of a chilled car wheel. The work involves the heat 
treatment of a long series of specimens at temperatures 
ranging from 500°F. to a maximum of 1700°F. for various 
lengths of time to a maximum of 96 hr. and the subse- 
quent determination of the important physical properties 
of the metal. 


INTRODUCTION 


1. Chilled car wheels, after being shaken from the mold, are 
annealed by controlled cooling in annealing pits, utilizing the 
sensible heat within the wheel. Such a heat treatment is designed 
to relieve all internal casting stresses, and in addition, accomplish 
certain structural changes, especially in the chilled portions. It is 
important that this heat treatment be so conducted that there is 
minimum loss in physical properties in the plate of the wheel. 
It is largely for this reason that the following described investiga- 
tion was conducted. 


2. Chilled car wheel iron has the approximate composition 
shown in Table 1. 


rR, Research Laboratory, Association of Manufacturers of Chilled Car 
eels. 


Nore: Presented at a session on Gray Iron at the 48rd Annual A.F.A. Convention, 
Cincinnati, Ohio, May 18, 1939. 
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3. Metal of this composition when east into a car wheel mold 
produces white iron in the tread and flange of the wheel because 
of the chiller, but the remainder of the casting, which includes 


the plate and hub of the wheel, is gray iron. Due to the thickness 
of the section involved and the chemical balance of the metal, the 
plate and hub of the wheel in the as-cast condition are invariably 


a gray iron having a combined carbon content of about 0.85 per 
cent, with flake graphite of normal distribution and size in a 
matrix composed of lamellar pearlite and practically devoid of 
free carbides or ferrite. It is the behavior of this particular metal 


with which this investigation is concerned. 
Table 1 


APPROXIMATE COMPOSITION OF CHILLED CAR WHEEL [RON 


Per Cent 
Silicon 0.50 to 0.60 
Manganese 0.50 to 0.60 
Total Carbon 3.45 to 3.65 
Sulphur 0.14 max. 
Phosphorus 0.35 max. 


4. It is very important to understand that this research cov- 
ers only a low silicon iron and the data obtained cannot be directly 
translated to a high silicon iron, such as automotive cylinder blocks 
and the like. The high silicon content of such irons exerts a pro- 
nounced influence on the behavior of the metal during heat treat- 
ment, increasing the rate of combined carbon decomposition during 
heat treatment and markedly modifying the iron-carbon-silicon 
equilibrium. 


5. The physical properties of iron of a given composition are 
the result of two principal factors, namely, the graphite and the 
structure of the matrix. The total quantity of graphite, its charac- 
ter, size and distribution are probably the most important, but with 
a given graphite structure the structural nature of the matrix is 
the only other important consideration. During this investigation 
the iron was cast under identical conditions in order to produce 
as nearly as possible a constant graphite structure so that the 
effect of heat treatment on the physical properties could be defi- 
nitely correlated with the structural changes in the matrix of the 
1ron. 





S. C. MASSARI 
Test PROCEDURE 


6. It should be evident that it was impractical to cut the 
large number of test specimens involved in the investigation from 
the plates of car wheels. The labor and time consumed would be 
far in excess of any reasonable value. It, however, was important 
that the test results should conform as closely as possible to the 
behavior to be expected of the metal in the plate and hub of a 
wheel. Consequently, test slabs of ordinary cupola melted wheel 
iron were cast of dimensions comparable with the thickness of the 
metal in the plate of a wheel. These test slabs were 10x12x14 
in. cast in a green sand mold. Micro-examination and chemical 
analysis definitely revealed that the structure and the combined 
carbon content in these slabs was identical with that obtained in 
the as-cast condition in the plate of a chilled car wheel. 


7. The cooling rate of these slabs closely approximated the 
rate at which the metal in the plate of a wheel solidifies. Control 
analyses run on each group of slabs consistently indicated com- 
bined carbon contents ranging from 0.85 to 0.90 per cent. Usually 
seven of these slabs were cast from the same ladle or consecutive 
ladles so that the iron would be as nearly identical as possible. The 
slabs were permitted to remain in the mold over night. They were 
then removed and cut into pieces of such size that conventional 
test specimens could be machined from them after heat treatment. 


8. One slab of each group was used for control purposes. A 
complete set of test specimens was machined from the slab without 
receiving any prior heat treatment. In other words, the physical 
properties so obtained could be considered as representative of 
the properties the metal possessed in the as-cast condition. The 
remaining slabs were placed in an electric furnace, which was 
automatically controlled, and held at temperature for various 
lengths of time, ranging from 4 to 96 hr. 


9. The heat treatment temperatures used in the investigation 
and the chemical analysis of the control slab of the group treated 
at each temperature are shown in Table 2. 


10. A group was held at each temperature for 8, 24, 48, 72 
and 96 hr. At the end of each of these periods a slab was removed 
from the furnace and buried in Sil-O-Cel to restrain the rate of 
cooling to room temperature. 
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11. Tests were made on specimens cut from each slab to de- 
termine the tensile, compressive, transverse, impact and hardness 
properties. In addition, chemical analyses were made to determine 
the amount of residual combined carbon. The test results through- 
out the investigation were in close agreement, and the values re- 
ported can be considered extremely reliable because of this close 
reproducibility. In most instances each value reported represents 
an average of two tests and at times, when the test results appeared 
to be erroneous, because of a lack of thorough understanding of 
the behavior of the metal, the tests were repeated four times. 


Table 2 


HEAT TREATMENT TEMPERATURES AND CHEMICAL ANALYSES 
oF CONTROL SLABS 


Heat Treat- 
ment Temp. 


— Chemical Analysis — 
a if TL. 


Ci. Si Mn P 


~ 
2 
— 


500 3.46 y 0.78 0.52 0.55 0.308 0.128 


0.78 0.44 0.52 0.294 0.134 
0.85 0.48 0.50 0.310 0.114 
0.78 0.48 0.50 0.292 0.138 
0.75 0.48 0.52 0.300 0.128 
0.80 0.48 0.50 0.280 0.125 
0.78 0.46 0.49 0.285 0.125 
0.84 0.51 0.57 0.286 0.117 
0.81 0.51 0.58 0.310 0.132 
0.76 0.52 0.57 0.297 0.122 
0.84 0.50 0.52 0.307 0.107 
0.90 0.53 0.53 0.300 0.119 
0.81 0.49 0.52 0.308 0.135 


S 


600 3.47 
700 3.44 
800 3.53 
900 3.54 
1000 3.49 
1100 3.54 
1200 3.57 
1310 3.51 
1400 3.54 
1500 3.62 
1600 8.50 
1700 3.41 
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12. Tension tests were made according to A.S.T.M. standard 
specification A48-36 for gray iron. The bar used is known as test 
bar ‘‘B.’’ This bar has a nominal diameter of 0.800 in. with a 
straight section 1 in. long. Tensile tests in which elongations were 
measured during the time the load was being applied were made 
on a bar of identical design except that the straight portion of 
the bar was increased to 2 in. so that an extensometer could be 
applied to a 2 in. gauge length. The tension tests were made in 
a Riehle 100,000 lb. Universal testing machine equipped with 
spherical heads to permit self-alignment of the bar and thereby 
eliminate bending stresses as much as possible. 
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13. Compression test specimens were cylinders having a dia- 
eter of 1.1285 in. (1 sq. in. cross sectional area) and a length 
8 in. The compression specimens were likewise tested in the 


same testing machine using an extensometer on a 2 in. gauge length. 


14. The transverse tests were made on a bar 12 in. long, 1 in. 
q. and tested on supports 10 in. apart. Deflection of the bar was 
easured by means of an Ames dial reading in thousandths of 
nehes. The dial was so held that the spindle was resting against 


the knife edge at the center of the bar. 


15. Impact tests were run in a Riehle impact testing machine 
with the pendulum delivering a blow of 110 ft. lb. The impact bar 
was 1 in. sq., unnotched, and freely supported on a 5 in. span. 


OBSERVED DATA 


16. When the data was collected it became apparent that the 
behavior of the iron could be classified according to three tempera- 
ture ranges, namely: 

(A) Heat treatment below 1000°F. 
(B) Heat treatment between 1000 and 1310°F. 
(C) Heat treatment above 1310°F. 


(A) — Heat Treatment Below 1000°F. 


17. The behavior of the metal was quite similar when heat 
treated at temperatures ranging from 500 to 1000°F. Therefore 
the results at one of these temperatures can be considered as being 
typical of this range. Table 3* gives the results of the tests at 
1000°F. and these results have been graphically plotted in Fig. 1. 
The time in hours at temperature has been plotted against the 
percentage change in physical properties and combined carbon. 
Since no two samples of iron in the as-cast condition are absolutely 
identical in physical properties, it was found necessary to compute 
and plot the physical properties as well as the combined carbon 
in terms of per cent of the original in the as-cast condition in 
order to make the test results strictly comparable. The only ex- 
ception to this procedure was in the case of the Brinell hardness, 
which in all instances has been plotted as the actual hardness 
number. 


18. When the material is heat treated for as long as 96 hr. 


* Refer to appendix where tables of observed data are given. 
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8 EFFECT OF HEAT TREATMENT ON WHEEL IRON 


at any temperature up to 1000°F. the combined carbon and all 
of the important physical properties of the material are substan- 
tially unaffected. It should be noted that this behavior is in direct 
agreement with the dictates of the iron-carbon equilibrium diagram 
as is discussed in a subsequent section. At a temperature of 1000°F. 
the material is well below the critica] range. It has not been trans- 
formed into the austenitic state to enable it to dissolve carbon 
from the graphite nor is the temperature high enough to cause a 
decomposition of the cementite in the pearlite of the matrix. Under 
these conditions it is only logical to assume that the physical proper- 
ties of the material will remain constant due to the fact that the 
matrix has been unaffected by the treatment. 


(B) — Heat Treatment Between 1000 and 1310°F. 
(a) 1100°F. 


19. Similar tests were made on bars which had been heat 
treated at a temperature of 1100°F. The results of these tests are 
recorded in Table 4 and plotted in Fig. 2. The data shows that the 
iron improves in physical properties when heat treated for a 
maximum of 48 hr. due no doubt to relief of stress. In excess of 
this heat treating time the physical properties and the combined 
earbon diminish. Although the combined carbon very gradually 
decomposes up to a maximum time of 48 hr., it begins to decompose 
very rapidly in excess of this time limit. Similarly, the Brinell 
hardness decreases at an increasing rate after 48 hr. The tensile 
strength, after 48 hr. at 1100°F., increases to 108 per cent of its 
as-cast strength, the transverse strength increases to 107 per cent, 
and the compressive strength to 104 per cent, but the impact 
strength remains practically constant. After 96 hr., the above 
mentioned values have fallen to 89, 95 and 88 per cent respectively, 
but the impact strength has increased to 120 per cent. The residual 
combined carbon clearly explains this behavior. After 48 hr. the 
combined carbon was still 0.76 per cent as against approximately 
0.85 per cent in the as-cast condition, whereas after 96 hr. it had 
dropped to 0.38 per cent, a loss of approximately 50 per cent. 
The reduction in combined carbon likewise evidences itself in the 
Brinell hardness, it being only 70 per cent of the as-cast hardness 
after heat treating for 96 hr. 


20. Thus, at 1100°F. there develops a definite tendency to 
decompose the cementite of the pearlitic matrix of the iron. The 
products of this decomposition are temper carbon and ferrite. Fer- 
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. is low in tensile and compressive strength but high in ductility. 

; a consequence, the tensile and compressive strength are lowered 
d the impact strength increased with an increase in the ferrite 
ntent of the matrix. Transverse strength is known to be markedly 
fluenced by the quantity of graphite or temper carbon in the 
etal, and hence, with an increase in this component the trans- 
erse strength diminishes. It is very important to understand that 
temperatures below the critical range of the metal any reactions 
vhich take place are inevitably detrimental to most of the physical 
properties without any opposing reaction tending to improve 
them. Therefore, gray iron must not be subjected to temperatures 
ist below the critical range of the metal for sustained periods 


of time. 


1200°F. 


21. The data for heat treatment at 1200°F. given in Table 5 
may be considered as being extremely reliable for they represent 
the average result of four separate groups of tests. When the 


values are plotted graphically as shown in Fig. 3, a pronounced 
change in the behavior of the material evidences itself as compared 


to the results obtained by heat treating at temperatures lower than 
1200°F. When the iron is heat treated at this temperature all of 
the physical properties, with the exception of impact strength, show 
a gradual but definite decline up to a maximum heat treating pe- 
riod of 24 hr. The losses then become very rapid to approximately 
18 hr., after which they again assume a gradual decline to 96 hr. 
After being held for 96 hr. at 1200°F. the iron has retained but 
63 per cent of its as-cast tensile strength, 69 per cent of its com- 
pressive strength and 72 per cent of its as-cast transverse strength. 
This rapid and pronounced reduction in these physical properties 
is due to the rapid decomposition of the pearlitic carbide evidenced 
by the extremely low residual combined carbon content. At this 
temperature the pearlitic carbide is extremely unstable and de- 
composes very rapidly without the presence of any opposing force 
which tends to recarburize the matrix. Below the critical range 
the iron is still in the alpha state and possesses a maximum solu- 
bility for carbon of 0.035 per cent as compared with a solubility 
ranging from 0.85 per cent to a maximum of 1.7 per cent carbon 
in the gamma state. 


22. The only physical property which was not substantially 
impaired by heat treatment at 1200°F. was the impact strength 
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which gradually inereased to approximately 150 per cent after 70 
and then apparently showed no further increase even after 96 
hr. at this temperature. This behavior is also directly attributable 
} the decomposition of combined carbon. By referring to the curve 
wing the relation between combined carbon and time at tem- 
perature it will be noted that after 70 hr. the residual combined 
carbon has been decreased to 13 per cent of the original concentra- 
tion in the as-cast state, but undergoes practically no change with 
additional heat treatment at 1200°F. The impact strength has 
been enhanced by the reduction in combined carbon. The ferrite 
which has replaced the pearlite in the matrix of the iron is much 
softer and more ductile, and imparts this property to the metal, 
thereby increasing the impact strength. Were it not for the fact 
that the metal loses in excess of 30 per cent of its tensile, transverse 
and compressive strength, it might be desirable to heat treat at this 
temperature so as to obtain this high impact strength. 


« 


23. Again referring to Fig. 3, it can be seen that the various 


physical property curves cross each other after about 44 hr. at 
temperature. Consequently, if the material is held for only 44 hr. 


at 1200°F. the metal will possess approximately 87 per cent of its 
original as-cast tensile, transverse and compressive strengths, and 
still will have acquired an impact strength which is about 135 
per cent of its as-cast strength. The material in this condition will 
have a Brinell hardness of about 130 as compared with 160 in the 
as-cast state and a residual combined carbon which will be about 
67 per cent of its original value. This concisely shows the value to 
be derived from complete test data. It affords an opportunity to 
arrive at the best physical properties obtainable under a given 
set of heat treating conditions. Because of the peculiar behavior 
of the metal when heat treated at this temperature, this heat treat- 
ing eyele is not to be recommended for general use, however, due 
to the extremely close control of time and temperature essential to 
obtain the best results. 


(c) 1310°F. 


24. <A series of test specimens heat treated at a temperature 
of 1310°F. (peak of the critical range on cooling) resulted in the 
physical properties recorded in Table 6. On heating, the peak of 
the critical range is approximately 1415°F., so that this group of 
test specimens were heated at a temperature just under the critical 
temperature. The behavior of the metal is almost the same as when 
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heat treated at 1200°F. but the changes are much more rapid. This 
van readily be seen by referring to Fig. 4 in which the results have 


been graphically recorded. 

25. The combined carbon decomposes quite gradually until 
time at temperature exceeds 8 hr. and then the loss is extremely 
rapid reaching a minimum after 48 hr. From 48 to 96 hr. no 
change oceurs, the metal having reached an equilibrium, possessing 
but about 17 per cent of its original combined carbon. The Brin- 
ell hardness curve follows very closely with the combined carbon 
curve, attaining a final Brinell hardness of but 105. Losses in 
tensile, transverse and compressive strength conform with the loss 
in combined carbon, reaching equilibrium values of approximately 
64 per cent of the as-cast tensile strength, 73 per cent of the 
former compressive and 75 per cent of the original transverse 
strength after 48 hr. The impact strength gradually increases to a 
maximum value of 154 per cent after 72 hr. at temperature. 


26. At this temperature the physical property curves cross 
one another after approximately 35 hr. However, the material 
then has a Brinell hardness of only 115 and a residual combined 
earbon content of but 22 per cent of that in the as-cast condition. 


(C) — Heat Treatment Above 1310°F. 
(a) 1400°F. 


27. A group of slabs was heat treated at 1400°F. for various 
lengths of time ranging from 12 to 48 hr. The results obtained are 
recorded in Table 7, and the data graphically shown in Fig. 5. 
The impact strength shows a sharp rise to 138 per cent of the as- 
east strength after 48 hr. at temperature. The other physical 
properties show a gradual decline reaching their lowest value be- 
tween 24 to 30 hr. at temperature. After 48 hr. the tensile strength 
had dropped to 82 per cent, the compressive to 85 per cent, and 
the transverse strength to approximately 80 per cent of that in the 


as-cast eondition. 


28. Although the metal was still slightly below the critical 
range on heating (1415°F.) it is important to note that the residual 
eombined carbon content reached a minimum of approximately 
50 per cent of the original as-cast value after about 24 hr. at this 
temperature. The reason should be quite evident, for the metal was 
heated to a high enough temperature so that a portion of the 
pearlite had entered the critical range and thereby gained the 
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advantage of increased carbon solubility due to transforming into 
the austenitic state. Cast iron is a relatively heterogeneous alloy. 


Segregation of certain elements may cause a variation in the 


transformation range from one grain of pearlite to another. This 
readily accounts for the intermediate combined carbon decomposi- 
tion. Some grains of pearlite persist at 1400°F. whereas others 
have transformed to austenite. The untransformed grains are sub- 
ject to decomposition in the same manner as at 1200 to 1300°F. 


(b) 1500°F. 


29. The test results on specimens which were heat treated at 
1500°F. for periods from 8 to 96 hr. are given in Table 8. The 
graphic representation of these results is illustrated in Fig. 6. 
Again, the loss in physical properties is very rapid, reaching a 
minimum and assuming equilibrium after 24 hr. The average val- 
ues are as follows: 80 per cent of the original tensile strength, 
82 per cent of the compressive, and 78 per cent of the transverse 
strength. The impact strength rose to a maximum slightly above 
130 per cent, and then remained constant. This behavior is again 
a function of the combined carbon which showed a sharp reduction 
up to about 30 hr., but then assumes a constant value of 55 per 
cent of the original. The Brinell hardness similarly was reduced 
from 160 to an average of 122 after 24 hr., representing 76 per cent 


of the original hardness. 


1600°F. 


30. Following the same procedure, a group of test bars were 
heat treated at a temperature of 1600°F. for a minimum of 2 hr. 
to a maximum of 60 hr. The results are recorded in Table 9, and 
graphically shown in Fig. 7. The combined carbon decreased 
extremely rapidly at this temperature assuming its minimum value 
in approximately 12 hr. and then remaining constant at approxi- 
mately 45 per cent of the original combined carbon in the metal 
as-cast. The physical properties likewise showed an abrupt change, 
assuming a constant value after 12 hr. Holding for this length of 
time at 1600°F’.. has reduced the tensile, compressive and transverse 
strengths to approximately 80 per cent of the as-cast values. The 
impact strength increased to about 123 per cent of the as-cast 
strength after 20 hr. at temperature. After 10 hr. the Brinell 
hardness was reduced to a minimum value of about 119, which is 
approximately 71 per cent of the original. 
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The test specimens which were heat treated at 1700°F. 
for varying lengths of time, ranging from 8 to 96 hr., show a sim- 
ilar behavior. The test results are shown in Table 10, and the val- 
ues plotted in Fig. 8. The effect of heat treating even at this 
extremely high temperature is characteristic of the behavior of 
the metal when it is heat treated at any temperature above the 
eritical range. The tensile, compressive and transverse strengths 
reached constant values of about 80 per cent of the original after 
24 hr. The impact strength increased to approximately 127 per 
eent of the original after 48 hr. and the combined carbon was 
reduced to a minimum of 47 per cent of the original after 30 hr. 
After 20 hr. the Brinell hardness dropped to an average of 145, 


which was about 74 per cent of the as-cast value. 


THe METALLURGY OF HEAT TREATMENT 


32. It was felt that for the sake of simplicity it would be 
best to limit this discussion to the metastable (iron-iron carbide) 
equilibrium. Therefore, no mention has been made of the be- 
havior according to the stable (iron-graphite) equilibrium or of 
variations in the carbon content of austenite induced by other 


elements in solution in austenite. 


9 


33. Wheel iron in common with all cast irons consists essen- 
tially of austenite and cementite just after solidification (Fig. 9). 
In the presence of sufficient silicon the behavior of the cementite 
between this temperature and ordinary temperatures is governed 
by the cooling rate of the casting. When cooling is rapid the 
primary cementite and the pro-eutectoid cementite, that precipi- 
tated between the eutectic and eutectoid temperature, are retained 
as such. At the eutectoid temperature the residual austenite trans- 
forms to pearlite. The final structure then is pearlite and 


cementite. This is the structural condition in the chilled portion 
of a wheel. 


34. When cooling is moderately slow, the primary and pro- 
eutectoid cementite graphitize to a varying degree. In the mottled 
zone of the wheel, for example, the cooling rate is intermediate 
and such that only partial decomposition of the cementite occurs. 
However, in the plate and hub the cooling rate is such that the 
cementite is, for the most part, decomposed yielding graphite. At 
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eutectoid temperature the residual austenite transforms to 


arlite. 


35. The carbide in the pearlite also would decompose if 
ywed sufficient time. The ultimate structure, then, would be one 
ferrite and graphite. Normally, however, silicon is so balanced 

rainst the cooling time or section size in a particular casting that 
he pearlite remains unaffected and persists to room temperature. 
[he final structure, is therefore, one of pearlite, graphite and 


erhaps some small areas of pro-eutectoid or primary cementite. 


This is the structure of the gray iron portions of a car wheel. 


36. Upon reheating the changes take place in the reverse 
order. The cast structure will be unaffected at temperatures well 
below the critical range on heating even when the pieces are held 
at such temperatures for prolonged periods. Such treatment how- 
ever will accomplish partial relief of residual casting stresses so 
that almost the full potential strength of the metal can be realized. 
As the temperature of reheating is raised to just below the critical 
range, say 1200 to 1300°F., the carbide in the pearlite exhibits 
a very strong tendency to decompose and will do so to a varying 
degree depending upon the time at temperature. At the same time 
any pro-eutectoid or primary carbides that may be present will 
also decompose. The same result could be obtained on cooling if 
the castings were held for a sufficient time at temperatures just 
below the critical range on cooling. In general, cementite decom- 
poses most rapidly at temperatures in the vicinity of those at 
which it forms. Therefore, pearlitic carbide would be particularly 
unstable at temperatures below the critical range on cooling since 
it is here that the pearlite forms. When distribution of the 
graphite in a casting is good, the properties of the iron will depend 
almost entirely upon the structural conditions of the matrix. If 
the matrix is entirely pearlitic (0.6 to 0.8 per cent carbon retained 
in the combined form) the physical properties will be at a maxi- 
mum. A lower concentration of combined carbon will result in a 
decrease in physical properties as has been clearly brought out 
in this investigation. The only property that shows an improve- 
ment is impact strength. This is due to the production of increas- 
ing amounts of ferrite in the matrix by heat treatment. Ferrite 
is tough and ductile and imparts ductility to the metal as a whole. 


37. When castings are reheated to temperatures above the 
critical range on heating (1415°F. for chilled car wheel iron) the 
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pearlite present transforms into austenite. This form of iron 


has a marked increase in solvent power for carbon with increasing 
temperature between the eutectoid range and the eutectic range. 
Therefore at any temperature above the critical range on heating 
there will tend to be established an equilibrium between austenite 
and graphite, the carbon content of the austenite depending upon 
the temperature. Any primary or pro-eutectoid carbide areas that 
escaped decomposition during cooling of the casting now have 
sufficient time to decompose. Subsequent slow cooling through the 
critical range results in transformation of the austenite to pearlite 
and then decomposition of some of the pearlitic carbide to ferrite 


and graphite. 


38. Thus the decrease in the amount of combined carbon 
upon heat treatment at such temperatures results from two causes, 
first, decomposition of any residual pro-eutectoid and primary ear- 
bide areas and secondly, decomposition of a portion of the carbide 
in the pearlite. It is interesting to note that the data shows a min- 
imum limiting value of 0.4 to 0.5 per cent combined carbon to 
persist. Evidently, it is only possible to decompose a certain max- 
imum amount of combined carbon by heat treatment at tempera- 
tures above the critical range. The final structure will therefore 
consist of pearlite, ferrite and graphite. Since this treatment re- 
sults in some residual combined carbon one would expect the phys- 
ical properties to be intermediate between those in the as-cast 
condition and those resulting from prolonged reheating at temper- 
atures of 1200 to 1300°F. 


39. It has been shown that decomposition of the combined 
-arbon is rapid and complete at 1200 to 1300°F. and consequently 
the physical properties are severely damaged. Should this oceur 
it is still possible to partially restore the metal to its original 
strength providing it is reheated to temperatures above the critical 
range. By this process the amount of combined carbon will be 
partially recovered due to the increased solubility of austenite for 
earbon. The graphite will supply the needed carbon to again 
enrich the matrix. Quite naturally, a corresponding recovery of 
some of the losses sustained in physical properties due to heat 
treatment at the lower temperatures will result from a second 
heat treatment at temperatures above the critical range. 


40. A consideration of the data obtained from this investiga- 
tion clearly portrays the behavior of the metal when subjected to 
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evated temperatures for various lengths of time, and definitely 
onfirms the dictates of the iron-carbon equilibrium diagram. 


HEAT TREATMENT vs. MICROSTRUCTURE 


41. The oceasion rarely arises in which a definite change 
the physical behavior of a metal cannot be either justified or 


even predicted in advance by making a micro-examination of the 


particular metal under consideration. The strength of a complex 
alloy such as cast iron is dependent upon the relative presence 
and quantity of certain constituents whose individual character- 
istics have been quite well established. For example, a gray iron 
containing a very large proportion of ferrite in the matrix will 
have properties which are quite definitely associated with the 
properties of the ferrite. Such a cast iron would be relatively 
mediocre in tensile and compressive but high in impact strength, 
due to the comparatively moderate ultimate strength in both ten- 
sion and compression of ferrite. However, the high ductility of 
the ferrite will impart considerable resistance to impact stresses. 


42. Similarly, if the matrix of the iron is rich in either pri- 
mary or pro-eutectoid cementite, the metal will possess a higher 
ultimate strength in tension and compression but will be low in 
resistance to impact stresses. Here again the behavior of the cast 
iron is primarily governed by the constituent which is in pre- 
ponderance, namely, the cementite which has high compressive 
strength but low ductility. Quite naturally a wide variety of con- 
ditions exist between these two extremes, and the physical prop- 
erties of the metal likewise will lie between these extremes. 


43. The behavior of the metal when subjected to various heat 
treating temperatures used during the course of this investigation 
can readily be justified by the micro-examination of certain typical 
specimens. For this purpose three typical cases were selected. The 
first had been treated at a very low temperature and represents 
the structure of the iron in the as-cast condition or when heat 
treated for a maximum period of 96 hr. at temperatures up to 
i000°F. The second, which had been heat treated just under the 
critical range, is characteristic of metal whose physical properties 
had been very detrimentally lowered. The third represents the 
microstructure of metal which had been heat treated at a tempera- 
ture of 1700°F. and is typical of the effect of heat treatment at 
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Fic, 10A—GRay Iron Heat TREATED For 96 HR, at 500°F. (X100) 


temperatures ranging from 1450 to 1700°F., this range being above 


the critical range of the iron. 


14. Fig. 10A and 10B clearly show the structure at 100 and 
1000 diameters of magnification of an iron which had been heat 
treated for 96 hr. at 500°F. This structure is typical of the plate 
metal in a car wheel in the as-cast condition or subsequently heat 
treated to any temperature less than 1000°F. The matrix consists 
of lamellar pearlite and some primary or pro-eutectoid cementite. 
The graphite distribution and formation is normal for this type 


of iron. 


45. If the same metal is heat treated just under the critical 
range for 96 hr., as for example at 1200°F., the matrix is almost 
completely converted from lamellar pearlite (and some primary 
cementite) to ferrite as shown in Figs. 11A and 11B. Especially 
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Fic, 10B—Gray IRon HEat TREATED For 96 HR, AT 500°F, (X1000) 


at 1000 diameters, it is evident that the matrix is almost entirely 
ferritic. Minute pearlitic cementite lamellae still exist but their 
quantity is almost negligible. Small nodules of temper carbon are 
present resulting from the decomposition of the pearlite and pri- 


mary cementite. 


46. If the metal is heat treated at temperatures above the 
eritical range the resulting structure is quite different. Figs. 122 
and 12B show the structure of the iron after it had been subjected 
to heat treatment for 96 hr. at 1700°F. Instead of containing 
a ferritie matrix it contains at least 60 per cent pearlite. The pri- 
mary or pro-eutectoid cementite has been completely decomposed. 
The important fact, however, is that the iron still possesses a 
matrix which is more than half pearlitic. This is further confirmed 
by chemical analysis for combined carbon. These analyses consist- 
ently showed a residual combined carbon content ranging from 
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0.35 to 0.45 per cent on all test bars which were heat treated for 


96 hr. at temperatures above the critical range. 


CONSOLIDATION OF Facts 


17. From this investigation certain specific behaviors and 
facts of importance have been derived and it is believed that a 
clearer conception of the importance of some of these points can 
be better understood by a consolidation. With this in mind the 
behavior of the material, when subjected to various heat treating 
temperatures, has been divided according to the particular physical 


property being considered. 


Heat Treatment vs. Tensile Strength 


48. Fig. 13 graphically shows the influence of time at temper- 
ature on the tensile strength of the metal at the various heat treat- 


Fic, 11A—GrRay [Ron Heat TREATED For 96 HR, aT 1200°F. (X100 
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temperatures studied. The tensile strength is shown in terms 
er cent of the strength it possessed in the as-cast condition, 


sidering the latter as being 100 per cent. Examination of this 


ph clearly shows three distinct types of behavior. At tempera- 
tures from 500 to 1000°F. the tensile strength remains practically 
constant, possibly showing a slight increase due to practically 
complete relief of internal casting stress. At temperatures just 
under the eritical range, namely, from 1200 to 1310°F., the mate- 
rial sustains a very marked loss in tensile strength. The third 
croup involves the heat treatment of the metal at temperatures 
above the critical range. At these temperatures the metal loses a 
comparatively moderate amount of its original tensile strength 
and then remains constant. Such a condition is highly desirable 
since a heat treatment of this kind lends itself well to production 
methods because it obviates the necessity for extremely close heat 
control. 


A 


Fic, 11B—Gray IRon Heat TREATED For 96 HR. at 1200°F. (X1000) 
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Heat Treatment vs. Compressive Strength 


49. In a similar way Fig. 14 shows the relationship between 
heat treating temperature and its influence on the compressive 
properties of the metal. The change in compressive strength by 
heat treatment at the various temperatures resolves itself into the 
same three groups, namely, that at temperatures up to 1000°F. 


practically no change takes place; at temperatures ranging from 


1200 to 1310°F. a very severe loss in compressive strength is sus- 
tained, and at temperatures above the eritical range, from 1450 
to 1700°F., a comparatively moderate reduction in compressive 
strength results. 


Heat Treatment vs. Transverse Strength 


50. The transverse strength of the material after heat treat- 
ment at the various temperatures is shown in Fig. 15. It hardly 


Fic, 12A—Gray IRon Heat TREATED For 96 HR. AT 1700°F. (X100) 
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appears necessary to again call attention to the fact that the trans- 


verse properties behave in a fashion identical with the tensile and 
compressive properties if the material is heat treated at similar 


temperatures. 


Heat Treatment vs. Impact Strength 


51. The impact strength of the material, as indicated in 
Fig. 16, shows no improvement if heat treatment is conducted at 
temperatures below 1000°F. Even at 1100°F. the impact strength 
of the metal does not improve perceptibly unless held at this 
temperature in excess of 60 hr. At temperatures ranging from 
1200 to 1310°F. the impact strength shows a gradual increase 
attaining a maximum value after about 72 hr. No further improve- 
ment is shown for longer periods of time. At temperatures above 
the critical range, from 1450 to 1700°F., the impact strength im- 
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proves quite rapidly for so short a period of time at temperature 
as 24 hr., but no further increase is accomplished by holding for 
longer periods than this. Thus, the relation between time at tem- 
perature and impact strength is an inverse relation as compared 
to other important physical properties of the metal. 


Combined Carbon vs. Time at Temperature 


Ja. 
the probable residual combined carbon content of the gray iron 
portions of a chilled wheel when heat treated at a given tempera- 
ture. In order to make this convenient, Fig. 17 shows the relation 
between combined carbon in terms of per cent of the original 
when the metal is heat treated for various lengths of time up 
to a maximum period of 96 hr. at various temperatures. These 
eurves again were almost a duplication of the curves showing the 
relation between heat treatment at various temperatures and the 


92. It is frequently highly advantageous to be able to predict 
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major physical properties. This data further emphasizes the very 
definite relation between physical properties and residual com- 
bined carbon. In all probability these same relations are also true 
for metal in the as-cast condition so that for a given combined 
earbon content, due either to low combined carbon content in the 
metal as-cast, or as a result of subsequent heat treatment, the 
physical properties are primarily a function of the combined car- 
bon content regardless of how that combined carbon content was 


produced. 
Permanent Set vs. Combined Carbon 


53. The elastic property of the iron is the most important 
factor which governs the mounting pressure for a given tolerance, 
or difference in diameter between wheel seat and wheel bore. It 
is only the true elastic deformation of the material which serves 
to hold the wheel on the axle wheel seat. Any plastic deformation 
which may take place during mounting will slightly decrease the 
mounting pressure but in no way will assist in preventing the 
wheel from coming loose from the axle. The relation between 
combined carbon and permanent set, which in turn is a measure 
of the amount of plastic deformation which has taken place, is 
graphically shown in Fig. 18. On this graph is recorded the 
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amount of plastic deformation when the metal is subjected to 
tensile, compressive and transverse loads. In each instance it be- 
comes evident that the amount of plastic deformation (permanent 
set) is inversely proportional to quantity of combined carbon pres- 
ent, or in other words, as the combined carbon is decreased the 
amount of plastic deformation increases. 


Elastic Behavior vs. Heat Treatment 


54. <A rather interesting determination of the elastic prop- 
erties of the metal was conducted in connection with the investiga- 
tion. Bars which had been heat treated to various temperatures 
were loaded to within 75 per cent of their ultimate strength in 
tension, compression and transverse, and the load was then re- 
moved. During the loading and subsequent relief of the load, 
extensometer measurements were made on the bar to determine 
the elastic behavior of the metal and the resulting permanent set 
after removal of the load. A typical record of such data is re- 
corded in Table 11. The data so obtained has been graphically 
plotted in Figs. 19 to 22 inclusive. Since the ordinates represent 
the load in thousands of pounds and the abscissae deformation in 
inches, the area under each one of the curves represents work done 
in inch pounds. It is very evident that the elastic behavior (the 
work done during loading and subsequent relief of the load), is 
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a direct function of the residual combined carbon. At tempera- 
tures of 500°F. no loss in combined carbon was sustained and, as 
a consequence, the resilience was high, and the work done during 
loading and relief of load was comparatively small. At tempera- 
tures immediately under the critical range, such as 1200 to 
1300°F., the work done becomes very large. When heat treatment 
is conducted at temperatures above the eritical range, the work 
done again becomes relatively small. Similar behavior, although 
of varying magnitude, is typical of tensile, compressive and trans- 
verse loadings. To serve as a further comparison, Fig. 22 shows 
the elastic behavior or resilience of the metal in compression when 
heat treated at a temperature just below the critical range, namely 
1310°F. As the time at this temperature increases, the elastic 
properties are impaired quite rapidly. 


Physical Properties of Wheel Iron vs. Combined Carbon 


55. Throughout this investigation the data has definitely 
and consistently directed attention to the fact that the physical 
properties are directly related to the combined carbon content of 
the metal. Consequently, Fig. 23 shows the relation between com- 
bined carbon and the tensile strength, tensile modulus of elasticity, 
compressive strength, compressive modulus of elasticity, impact 
strength and Brinell hardness. These curves are a consolidation 
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of all the data acquired from the testing of some 650 test speci- 
mens. The relations have been in excellent agreement and the 


data presentec 


1 in this graph may be considered extremely reliable. 


CONCLUSIONS 


56. Heat treatment of a low silicon gray iron typical of 


the plate and 


hub of a chilled car wheel at various temperatures 


and for varying periods of time established the following points: 


(1) 


No decomposition of combined carbon occurs when 
the iron is heat treated at temperatures up to and 
including 1000°F., for as long as 96 hr. Conse- 
quently the physical properties of the iron in the 
as-cast condition are unaffected. 


Heat treatment at temperatures just below the criti- 
eal range causes substantial decomposition of the 
combined carbon, the degree of breakdown being 
dependent upon the temperature. Decomposition of 
the carbide is practically complete at temperatures 
ranging from 1200 to 1310°F., for example. Coin- 
cidentally most of the physical properties are low- 
ered considerably. Impact strength is the only 
property that exhibits an increase with breakdown 





NI OS/S87 0000! Lv SNOIT7IN NI OS/S87 0000€ iv SNOITTIN sumeets Yeni 
astouneeya 40 SMINGOW FTISN3L ALIDILSV13 JO SMINGOW BAISS3dWOD oer ~ a 
*" ¢anmeCeeese << - uw = Se a ee 2 = 2 & & 


< 





r - 
| 


T 


z 
’ 
2 
< 


+ ---+-—-"N33 


COMBINED CARBON, 


[REATMENT ON WHEEL [RON 
30 


[Ron VS 


SAT 
40 


COMBINED CARBON-PER CENT 
W HEE! 


OF HE 


EFFECT 
ELASTICiTy 
50 
OF 


60 


o. 
=x 
es 
eS 


MODULUS of 


PHYSICAL 


23 


- ° ° ° 
3 3 S } rR r-) 3 © A) nN 
SONNOd-1003 - HLONZBIS LOWdW NI'OS/S@1 OOO! HIONSYLS 3SURASNVHL - BAISSIUANOD - JIISNIL 








Fic, 








S. C. MASSARI 39 


of combined carbon, due to the production of vary- 
ing amounts of ferrite in the matrix of the iron. 


When heat treatment is carried out at temperatures 
above the critical range, 1500 to 1700°F., only a por- 
tion of the combined carbon is decomposed. In this 
temperature range an equilibrium value of approxi- 


mately 0.4 per cent residual combined carbon is 


established. Under these circumstances the physical 
properties of the iron show an intermediate change. 


When distribution of the graphite is normal the 
physical properties of gray cast iron are dependent 
upon the structural condition of the matrix, and 
are best when the matrix is entirely pearlitic. 
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Appendix 


Tabulations of Observed Data 


Table 3 
Test REsuLTs — Bars HEAT TREATED av 500° ro 1000°F. Incu. 


Modulus Compres 
oO sive Transverse 
Ultimate Elasticity Ultimate Mod, of Rock- Comb. 
Strength at Strength Rupture Impact’ Brinell well Carb, 
Lb. per 10,000 Ib. Lb. per Lb. per Strength Hard- Hard- Per 
Sample Sq. In. per Sq. In, Sq. In. Sq. In, Ft.Lb. ness ness Cent 


500-C 80,480 16,400,000 102,140 62,550 32.3 189.0 3. 0.78 
500-8 82,000 16,950,000 102,610 59,700 34. 188.0 
500-24 32,480 15,880,000 105,820 64,800 35. 190.0 
500-48 81,420 15,880,000 104,140 63,150 33.5 176.0 
500-72 32,920 15,880,000 102,600 59,100 40.3 178.0 
500-96 31,840 16,400,000 100,060 60,300 86.2 176.0 





600-C $2,260 16,400,000 108,510 60,600 46.3 190.0 
600-5 80,440 16,950,000 108,870 64,200 89. 185.4 
600-: 81,080 16,400,000 106,380 59,100 lol 179.0 
600 82,140 15,890,000 110,440 61,950 e 183.0 
600-72 28,560 16,400,000 106,560 59,250 of 181.4 
600-96 83,840 18,880,000 108,140 60,000 i 184.6 


eessss 
2-1-3 @ @-) 


700-C 82,460 16,950,000 106,160 59,850 
700 82,000 15,390,000 108,190 63,750 
700 82,480 16,400,000 A 63,600 
700-4! 83,340 15,880,000 105,550 60,750 
700-72 81,140 15,880,000 110,050 63,450 
700-6 31,060 17,540,000 106,670 59,700 


bt et ptt tt 
2-2-1 2 3 
eacacst or 

eococw 
Sesessscso 
Ow -3 © @ 
wuUeK won 


3 
= 


800-C 81,120 15,880,000 104,380 61,350 
800-8 31,160 17,530,000 105,040 65,250 
800-24 83,440 16,950,000 106,700 62,100 
800-48 31,180 16,950,000 104,060 58,050 
800-72 32,580 16,400,000 105,400 63,000 
800-96 82,540 16,400,000 104,740 58,350 


2-3 @ ~3 3 
cnr oecn 


900-C 31,100 15,890,000 102,140 54,000 
900-8 31,680 16,400,000 100,930 60,900 
900-24 82,400 16,400,000 100,720 58,650 
900-48 31,700 17,540,000 101,140 55,950 
900-72 30,780 16,400,000 102,780 60,300 
900-96 $1,700 16,400,000 102,030 58,200 


ee 


Sate lo 


1000-C 80,120 15,880,000 100,750 57,000 
1000-8 28,480 16,400,000 107,660 60,750 
1006-24 83,820 14,930,000 107,010 7,000 
1000-48 80,840 16,400,000 101,780 58,800 
1000-72 82,260 17,540,000 105,080 59,400 
1000-96 29,160 14,100,000 103,750 54,000 


4ruuunud 


eessss sessss ssssss 
sa @waw~ao 


Table 4 
TEST RESULTS — Bars HEAT TREATED AT 1100°F. 


Modulus Compres- 
of sive Transverse 
Ultimate Elasticity Ultimate Mod. of Comb. 
Strength at Strength Rupture Impact Brinell Rockwell Carb. 
Lb. per 10,000 Ib. Lb. per Lb. per Strength Hard- Hard- Per 
Sample Sq.In. per Sq. In, Sq. In, Sq. In, Ft.Lb. ness ness Cent 


1100-C 80,000 16,950,000 102,600 58,950 38.0 196.0 89.6 0.78 
1100-8 81,220 15,400,000 107,160 61,950 81.5 181.4 89.4 0.78 
1100-24 31,620 18,190,000 99,620 61,800 36.3 174.0 84.5 0.77 
1100-48 83,660 15,400,000 107,180 57,150 87.0 179.8 86.4 0.76 
1100-72 80,380 16,950,000 100,310 59,250 39.3 157.8 79.6 0.58 
1100-96 26,620 18,700,000 90,210 55,950 45.3 138.8 75.7 0.38 





MASSARI 


Table 5 


Test RESULTS — Bars HEAT TREATED At 1200°F. 


Ultimate 
Strength 
Lb. per 
Sq. In, 


29,017 
28,483 
28,187 


Uitimate 
Strength 
Lb. per 
Sq. In. 


13104 
1310-8 
1310-24 
1310-48 
1310-72 
1310-96 


33,690 
30,440 
25,900 
21,740 
21,600 


20.280 


TEST 


Ultimate 
Strength 
Lb. per 
Sq. In. 


Sample 


1400-C 

1400-12 
1400-24 
1400-36 
1400-48 


28,380 
23,530 
22,830 
24,500 
23,170 


TEST 


Ultimate 
Strength 
Lb. per 


Sample Sq. In, 


1500-C 
1500-8 
1500-24 
1500-48 
1500-72 
1500-96 


29,580 
25,380 
22,660 
23,700 
23,180 
24,820 


Modulus Compres 
sive 
Ultimate 
Strength 


Lb. per 


Transverse 
Mod. of 
Rupture 
Lb. per 
Sq. In, 


0. 
Elasticity 
at 
10,000 Ib. 
per Sq. In. 


Impact Brinell 
Strength Hard- 
Ft. Lb. ness 


14,260,000 
13,248,000 
13,128,000 
11,700,000 
10,790,000 
12,050,000 


56,083 
54,500 
55,050 
46,950 
38,475 


40,150 


34.0 
36.0 
41.0 
47.5 
51.8 
51.1 


163.0 
159.7 
159.7 
128.3 
101.2 

93.9 


Table 6 


Comb 
Rockwell Carb. 
Hard- 


~ 
® 
x 
w 


2 Ow 
Swe um 
* in to te Site 


wo 
ou 


’ Resuutts — Bars Heat TREATED AT 1310°F. 


Vodulus Compres 
sive 
Ultimate 
Strength 
Lb. per 
Sq. In. 


Transverse 
Mod. of 
Rupture 
Lb. per 
Sq. In. 


of 
Elasticity 
at Impact 
Strength Hard- 
Ft. Lb. ness 


10,000 Ib, 
per Sq. In, 


16,400,000 
16,400,000 
14,100,000 
12,660,000 
12,350,000 
14,100,000 


101,770 60,600 
57,750 
56,550 
46,050 
46,050 
41,550 


36.8 
88.5 
45.5 
50.5 
55.8 
56.5 


Table 7 


RESULTS 


Bars Heat TREATED at 1400 
Modulus Compres- 
sive 
Ultimate 
Strength 
Lb. per 
Sq. In. 


Transverse 
Mod. of 
Rupture 
Lb. per 
Sq. In, 


o 
Elasticity 
at 
10,000 Ib. 


, Strength Hard- 
per Sq. In. 


Ft. Lb. ness 


36.0 
49.0 
50.0 
52.0 
47.5 


14,650,000 
12,990,000 
12,220,000 
12,540,000 
11,780,000 


90,460 
81,485 
76,670 
79,185 
76,705 


56,700 
45,450 
45,750 
45,450 
45,000 


158.0 
123.0 
119.0 
115.0 
114.0 


Table 8 


REsuLtTs — Bars HEAT TREATED AT 1500° 


Modulus Compres 
sive 
Ultimate 
Strength 
Lb. per 
Sq. In. 


Transverse 
Mod. of 
Rupture 
Lb. per 
Sq. In. 


59,700 
49,050 
48,000 
46,350 
44,550 
46,950 


of 
Elasticity 

at Impact Brinell 
Strength Hard- 
Ft.Lb. ness 


83.5 
45.8 
43.8 
44.5 
45.3 
43.8 


10,000 lb. 
per Sq. In, 


14,300,000 
12,900,000 
11,600,000 
18,300,000 
12,800,000 
13,200,000 


100,850 
82,900 
84,000 
83,900 
79,930 
84,910 


159.8 
132.8 
122.2 
121.4 
114.8 
121.4 


Brinell Rockwell 


Comb. 
Carb. 
Per 
Cent 


Hard- 


ness 


82.6 
81.8 
73.6 
60.38 
55.3 
57.4 


8 
7 
8 
Jl 
1 
Jl 


. Z 


Comb, 


Impact Brinell Rockwell Carb. 


Hard- 
ness 


Per 
Cent 


83.1 
64.2 
64.8 
60.3 
63.2 


0.76 
0.41 
0.36 
0.38 
0.48 


F. 


Comb. 
Rockwell Carb. 
Hard- Per 
ness Cent 


84.1 
71.1 
66.7 
62.2 
62.9 
66.0 


0.84 
0.76 
0.50 
0.50 
0.48 
0.41 
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Table 9 
































































Test RESULTS Bars HEAT TREATED AT 1600°F, fe 
Vodulus Compres- BS 
of sive Transverse a 
Ultimate Elasticity Ultimate Mod. of Comb, 
Strength at Strength Rupture Impact Brineli Rockwell Carb, 
Lb. per 10,000 Ib. Lb. per Lb. per Strength Hard- Hard- Per 
Sample Sq. In. per Sq. In. Sq. In. Sq.In. Ft. Lb. ness ness Cent 
1600-C 29,080 13,890,000 95,275 55,350 37.0 170.0 82.0 0.76 
B-1600-C 30.340 13,700,000 98,090 57,600 84.8 165.0 86.2 0.90 
B-1600-2 27,170 13,700,000 90,575 54,550 42.5 138.0 72.8 0.66 ay 
B-1600-4 24,680 18,700,000 85,160 47,750 42.5 124.0 67.8 0.53 v 
1600-6 23,900 11,370,000 81,365 47,400 41.0 122.0 61.9 0.87 ss 
1600-10 23,310 9,520,000 79,755 46,050 43.0 119.0 64.1 0.35 m 
1600-14 23,870 10,420,000 78,085 7,100 42.0 122.0 64.2 0.37 8 
1600-18 22,640 12,200,000 77,730 43,800 45.0 119.0 63.4 0.37 af 
B-1600-36 22,530 11,620,000 78,940 44,250 41.8 117.0 62.7 0.83 pt 
; B-1600-60 24,200 12,820,000 83,670 47,100 47.0 129.0 67.3 0.37 ‘ 
Table 10 ‘ 
Test REsuLtTs — Bars HEAT TREATED AT 1700°F. 
Vodulus Compres- 
of sive Transverse 
Ultimate klasticity Ultimate Mod. of Comb. 
Strength at Strength Rupture Impact Brinell Rockwell Carb. 
Lb. per 10,000 Ib. Lb. per Lb. per Strength Hard- Hard- Per a 
' Sample Sq. In. per Sq. In, Sq. In. Sq.In. Ft. Lb. ness ness Cent 
1700-C 86,400 16,950,000 112,780 63,900 41.0 195.0 86.8 0.81 
1700-8 86,600 16,400,000 96,360 55,800 43.5 150.8 73.1 0.57 
' 1700-24 30,240 15,880,000 93,770 55,3850 48.5 144.2 70.9 0.45 
i 4 1700-48 27,860 15,390,000 92,000 48,450 64.0 148.4 68.5 0.36 
: 1700-72 25,140 16,400,000 95,000 51,450 52.5 144.2 60.6 0.36 
' +f 1700-96 26,880 17,550,000 84,000 45,000 52.0 117.2 67.9 0.36 
Table 11 
: TYPICAL STRESS — STRAIN DATA 
1310°F. SERIES — ANNEALED 96 Hours 
3 Tension Compression——, ———- Transverse - 
a Stress 
m 
Load Elong. Load Comp, Outer 
Load Lb. Ext. In, Lb. Ext. In. Load’ Fibers Ext. Defi. 
H in per Dial per per Dial per Lb. Lb. Per Dial in 
Lb. Sq.in. Read. In. Sq.In. Read. In, in Sq.In. Read, In. 
0 0 0 0 0 0 0 250 3750 0 0 
1000 2000 0.5 .00006 5000 2 00024 750 11250 8.5 0085 
2000 4000 1.0 .00020 10000 2.7 -00055 1250 18750 18.5 .0185 
3000 6000 1.8 000387 15000 4.7 .00095 1750 26250 81.5 0315 
4000 8000 2.6 .00058 20000 7.8 .00158 2250 83750 58.0 .0580 
5000 10000 3.6 -00073 25000 14.5 -00294 2500 37500 83.5 0835 
6000 12000 5.1 -00103 30000 37.2 00755 2000 30000 75.3 0753 
7000 14000 7.6 00154 35000 82.2 -01669 1500 22500 69.0 0690 
8000 16000 12.2 .00248 40000 183.8 .02713 1000 15000 59.7 .0597 
9000 18000 23.7 00481 £5000 196.3 -03988 500 7500 49.9 .0499 
10000 §=20000 47.0 .00955 50000 8= 275.0 .05583 250 750 45.5 .0455 
8000 16000 46.3 -00940 40000 2738.7 -05550 
6000 12000 45.0 00914 30000 271.0 05500 
4000 8000 43.3 .00880 20000 267.9 05435 
2000 4000 41.8 .00838 10000 264.7 .053870 
0 0 $9.1 .00794 0 260.5 -05288 





(Table 11 continued on next page) 





Table 11 Continued 


itimate Strength— ——Ultimate Strength —-Ultimate Strength 
21340 68570 8030 45450 227.0 .2270 


Impact Test Rockwell *B” Brinell (3000 KG) 
55.0 Ft.-Lb. 59.5 
60.0 Ft.-Lb. 54.! Load 
: 52. 
115.0 54. 
Average Impact 60. 
Strength 57.5 Ft.-Lb. 58.5 


339.0 
Average Rockwell 17.58 
“B” Hardness — 56.5 Ave. = 5.86 


Brinell No. 100.6 
Combined Carbon 0.20 per cent 


DISCUSSION 


Presiding: L. H. RUDESILL, Griffin Wheel Co., Chicago, II. 


ALFRED BOYLES! (Written Discussion): The author is to be con- 
gratulated on the thoroughness of his investigation and the clearness 
with which it has been presented. One of the most interesting things 
brought out is the effect of time at temperature on the combined carbon 
in iron annealed above the eutectoid temperature. 


According to the iron-carbon diagram, Fig. 9, a specimen heated to 
1700°F. should consist of austenite containing about 1.25 per cent carbon 
in solid solution. The longer the time of holding at 1700°F. the nearer 
this condition of equilibrium should be realized. Upon cooling, the aus- 
tenite should lose carbon down to the eutectoid composition and trans- 
form into pearlite, part of which may subsequently graphitize to give 
free ferrite. 


Fig. 17 indicates that the amount of free ferrite formed is a func- 
tion of the time of holding at 1700°F. in samples cooled at the same 
rate. Specimens annealed at 1400°F., 1500°F. and 1600°F. show the 
same trend. These curves suggest some change in the matrix of the 
iron which has reached completion after about 30 hr. at temperature 
inasmuch as longer annealing periods cause no further increase in the 
amount of free ferrite formed during cooling. While the present paper 
is not concerned primarily with theory, I should like to ask the author 
to give some comment on this point. 


R. S. MACPHERRAN? (Written Discussion): It is a great pleasure 
to read an article in which the preparation has been so thorough as 
in this article on heat treatment of car wheels by Mr. Massari. The 
lower silicons in these irons render the action of heat a little slower and 
perhaps increase the temperature of change. The higher silicon irons 
are sometimes annealed a little easier. Otherwise, everything the writer 
says about chill iron can be applied to gray irons. We find then an an- 
nealing of much over 1000°F. usually results in a softer, weaker iron. 
Whenever heat is applied to castings in which strength and hardness 


‘ Metallurgist, Battelle Memorial Institute, Columbus, 0. 
* Chief  hemist, Allis-Chalmers Mfg. Co., Milwaukee, Wis. 
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are essential, both the time and temperature should be carefully con- 
sidered. The effect of prolongation of heating at 800-1100°F. on gray 
irons was described in a paper® presented before this Association by 
Rexford Krueger and the writer. 


Mr. MASSARI: The discussion prepared and presented by Mr. Boyles 
is greatly appreciated. The point referred to in the paper is of primary 
interest from a theoretical aspect. It is quite true that, according to the 
iron-carbon equilibrium diagram, at a temperature of 1700°F., austenite 
should contain approximately 1.25 per cent carbon in solid solution. 
Unless the sample is cooled extremely rapidly by quenching in order 
to retain the concentration existing at this temperature, the carbon 
concentration will follow the line SE on the diagram, the surplus iron 
carbide being precipitated until the eutectoid composition and temper- 
ature have been reached. At this point, the matrix will contain approxi- 
mately 0.85 per cent carbon in solid solution if the alloy is one of iron 
and carbon only. It is quite probable that in a material as complex as cast 
iron, other elements present tend to reduce the eutectoid composition by 
translating the iron-carbon equilibrium diagram to the left. The exact 
location of this point is questionable and quite naturally varies con- 
siderably in various cast irons depending upon the concentration of 
other elements such as silicon, manganese, sulphur and phosphorus. 


The gray iron utilized in this investigation contains some excess 
pro-eutectoid cementite. At temperatures above the critical range, this 
cementite is decomposed. Chemical analysis of the combined carbon con- 
tent of the iron in the as-cast condition unquestionably includes the 
eutectoid carbon plus the carbon content in the pro-eutectoid cementite. 
Precisely speaking, these areas which are quite evident in Fig. 10-A 
are actually an iron-carbon-phosphorus solid solution rather than pure 
cementite. Nevertheless, they unquestionably are rich in carbon and 
materially contribute to the combined carbon of the matrix as determined 
by chemical analysis. 


As Mr. Boyles observes, and as shown in Fig. 17, it appears that 
the combined carbon concentration in the matrix quite rapidly diminishes 
at temperatures above the critical and after heating for 30 hr. or longer, 
the combined carbon content of the matrix assumes an equilibrium con- 
centration. In all likelihood, this reduction in the combined carbon 
content of the matrix is a function of two factors: 


First, the decomposition of the iron-carbon rich constituent, 
which, for sake of simplicity because of its high carbon content, 
will be considered as pro-eutectoid cementite, and 


Secondly, the decomposition of the eutectoid as the iron is 
cooling through the temperature range beginning at the eutectoid 
temperature and ending at a temperature of 1000°F. 


The first of these reactions is a progressive, one taking place 


8’ MacPherran, R. S., and Krueger, R. H., “Effects on Cast Iron of Prolonged Heat- 
F. A 


ing at 800-1100°F.,"" Trans., A. Vol. 38, 1930, pp. 826-855. 
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relatively rapidly and apparently completing itself during the first 30 
r., during which the metal is subjected to temperatures above the 
critical range. This condition is evidenced by the comparatively rapid 
reduction in combined carbon during the first few hours at temperature. 
The second reaction progresses more slowly and only takes place at 
suberitical temperatures. 


After equilibrium has been established (30 hr. at temperatures 

above the eutectoid) the final combined carbon content is primarily a 

function of cooling rate through this subcritical temperature zone. Had 

these specimens been cooled more rapidly, a higher residual combined 

carbon content would have been retained. In order to definitely establish 

this fact, three specimens of the original material were heated for 36 
hr. at a temperature of 1600°F. One of the specimens was then directly 
4 quenched in water to retain as nearly as possible the condition existing 
at this temperature. The second sample was cooled in air producing 


4 an intermediate cooling rate, and the last cooled in Sil-O-Cel, as all 
% specimens were during the course of this investigation. Micro-examina- 
A 

tion of sections cut from these specimens revealed the following: 


The metal which had been quenched in water from a temperature 
| of 1600°F. had a matrix which was completely martensitic, without the 
presence of free ferrite, thus establishing the fact that rapid cooling 
through the subcritical temperature zone inhibited the decomposition 
of the eutectoid. The specimen which was air-cooled had a matrix which 
was almost completely sorbitic, but in addition, contained some free 
ferrite. The third sample which was cooled in Sil-O-Cel, and was cooled 
comparatively slowly through the temperature range previously re- 
ferred to, had a structure typical of that shown in Fig. 12-A and B, 
namely that approximately 40 per cent of the matrix was ferrite. To 
further substantiate these findings, chemical analyses were run on the 
samples for total and graphitic carbon to make it possible for us to 
es arrive at the combined carbon by difference. The results of these analyses 
are shown in the following table: 


ee 


Per Cent COMBINED CARBON As DETERMINED BY DIFFERENCE 
Quenched Cooled in 
in Water Air Cooled Sil-O-Cel 

As-Cast from 1600 from 1600 from 1600 


ot ing ae ag, cape we te 


Combined Carbon 
(by difference) ...... 0.82 0.85 0.72 0.50 


The author also wishes to express his appreciation for the dis- ; 
cussion submitted by Mr. MacPherran with whose statements he is in t 
complete accord. Unquestionably, higher silicon irons will anneal much 
more quickly than those dealt with in this investigation, and it is quite 
likely that pronounced combined carbon decomposition and its accom- 
panying weakening effect will take place in high silicon irons at a lower 
temperature and for shorter periods of heating. 


M. G. Corson’ (Written Discussion): I am not going to criticize 
any of Mr. Massari’s statements, for I find no doubtful points. I shall 
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only permit myself to indicate in a few words what further conclusions 
might be reached from Mr. Massari’s data if a mathematical treatment 


were applied to them. 


Let’s take his sample 500-8 (page 40). We read: 32,000 lb. per sa. 
in, strength and 17,000,000 lb. per sq. in. elastic modulus. Combined 


carbon, about 0.79 per cent. 


The matrix of this cast iron must possess a tensile strength of 
105,000 lb. per sq. in., and a modulus of 30,000,000 Ib. per sq. in. (steel). 
Allowing for a drop of 5000 lb. per sq. in. due to gas content, sulphur, 
phosphorus, etc. and dividing 32,000 by 100,000 we find 32 per cent. 
In other words, that is how much active area was left in the weakest 
section of this sample by the particular combination of the graphite 
flakes in it. 


Divide 17,000,000 by 30,000,000 and you have 57 per cent. It means 
that the sample behaved, before it passed its proportionality limit, as if 
it were a bar of steel with a section 0.57 times as great. 


But the average elastic section is not the true average section. The 
latter may be in all probability larger by 5 per cent. So we assume 
that the average section of that sample possessed about 62 per cent of 
active area. 


On the other hand the best section available in a test bar of the 
usual length cannot possess more than 90 per cent active area. (A 
series of proper photomicrographs would permit computing the true 
maximum.) So with the help of these three figures we may plot an active 
area distribution curve as shown in Fig. 24. One must understand that 
this is only one of the many possible distribution curves, but this one 
is the most probable one on the account of eliminating any possible 
exaggeration. (It has to be drawn in such a manner that the areas 
between the lower and the upper part of the curve and the average 
area line are equal, and that there shall be no incongruous slopes.) 


We repeat the same procedure with the sample 1600-10 (page 42). 
The combined carbon figure is 0.37 per cent. A matrix of this composi- 
tion must have about 85,000 lb. per sq. in. strength and about 30,500,000 
lb. per sq. in. elastic modulus. The actual figures are: 23,000 and 
9,500,000 lb. per sq. in. The matrix may be again only 80,000 lb. per 
sq. in, strong on account of porosity and inclusions, In the manner out- 
lined we find the minimum active area of 29 per cent and the elastic 
average of 32 per cent only. Add to it the 5 per cent and the average 
active area becomes about 37 per cent. So we trace a distribution curve 
as given in Fig. 25, 


Compare those curves. The first is rather symmetrical. It shows 
that in all probability there is a uniform change of mechanical charac- 
teristics through the sample. The second is badly assymetrical. It shows 
that the sample contains many more sections of low than those of high 
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24. Distripution Curve or SAMPLE 500-8 (Pace 40). 
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Fic, 25. DisrrrpuTion Curve or SAMPLE 1600-10 (Pace 42). 


strength. And that means that the particular heat treatment made the 
sample badly unreliable. 


All this represents merely a hastily sketched picture. It could and 
should be greatly improved. It shows, howeyer, that a mathematical 
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interpretation of the results obtained may be worth while. It can give 
us a deeper insight into the characteristics of cast iron. 


I hope that Mr. Massari will find an opportunity to examine his 
figures and the data of his future researches in the light of the above 
considerations. 


Mr. MAssari: I appreciate Mr. Corson’s remarks and feel that this 
method of comparison should prove beneficial. 


J. S. VANiIcK:5 Mr. Massari has covered the ground so theroughly 
that he has left very little room for argument and all I can do is to 
attempt to correlate some of this work with practical applications to 
foundrymen or practical applications which confront foundrymen. The 
first of these is with reference to the long-time heating at 1000°F., 
where apparently there is no loss in strength for about 100 hr. That 
should be interpreted as it stands and we should be careful not to 
assume that heating for longer periods will not cause some decrease in 
strength. Just how much, I think is a matter for some future work, but 
in our own work we find in heating for about 1200 hr., or perhaps a 
little longer, at 900°F. in steam, that the strength of an iron similar to 
this iron drops from 33,000 to 26,000 lb. per sq. in., or a loss of about 
20 per cent. 


The next point, which is extremely interesting to me and [ am sure 
will be to machine tool builders in this Cincinnati area, is the relation 
to stress relief effects that a diagram such as the one illustrating the 
1100°F. treatment on page 7 shows, where one finds this hump coming 
up in the strength after about 50 hr. of heating. Machine tool men are 
probably seriously considering the stress relief annealing of many of 
their castings and are working at temperatures somewhat under 1100°F. 
The period of 50 hr. at 1100°F. which the diagram shows necessary to 
get a hump in strength there might be too long for them to use but it 
obviously has some relation to the stresses in that casting use. It may be, 
and I believe it is quite likely, that something other than stress relief is 
going on, but I would prefer to have Mr. Massari add his explanation, 
because he has undoubtedly studied that very thoroughly. 


Mr. MAssarRi: I appreciate Dr. Vanick’s remarks particularly in 
view of our particular set-up. When working in an industrial research 
laboratory, we must do things that will deliver a monetary return. 
This investigation was prompted by the endeavor to learn the cause, 
in isolated instances, for extremely low residual combined carbon con- 
centration in the hub of a car wheel. A car wheel is mounted on the axle 
by means of hydraulic pressure. The bore of the wheel is approximately 
0.008 to 0.010 of an inch smaller than the diameter of the axle wheel 
seat and as the axle is forced into the wheel the elastic stresses that are 
established in the wheel serve to hold it on the axle. In other words, 
the total area of the wheel base multiplied by the coefficient of friction 
between steel and iron will give a definite measure of the elastic stress 








5 Metallurgist, International Nickel Co., New York City. 
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resent, and a rather close approximation of the force with which the 
heel is held on the axle. 


As I determined during the investigation, the elastic return of the 
tal when the combined carbon content is reduced to a low value is 
comparatively small. The metal in this condition largely undergoes 
lastic deformation. Plastic deformation does not serve to hold the wheel 
n its axle; it is only the elastic stress since plastic deformation results 
permanent set which in no way assists in holding the wheel on the 
axle. We have had isolated instances in which wheels having a very 
low combined carbon under 0.10 per cent have actually come loose from 
the axle, and, since the journal and journal box are an outboard bearing, 
the wheel actually moved to the center of the axle. 


: In an endeavor to determine the cause for such abnormally low 
a combined carbon content, we undertook this investigation so that today 
; I am confident we are in an excellent position to warm the wheel maker 
4 to avoid sub-critical temperature zones and if a wheel of this kind is 
B* encountered, we can definitely attribute the particular factor in the 


a process of manufacture which was responsible for this undesirable 
ws condition. 
Fe 


I have no good answer for the point which Dr. Vanick has raised. 
If there are structural changes that have taken place, I am unaware 
of them. I am rather firmly of the opinion that the increase in strength 
is an outward evidence of internal stress relief. 





The Foundry and Metallurgical Science 


By M. G. Corson,* New York, N. Y. 


Part |—Present Non-Ferrous Foundry Alloys, Their History 
and Development 


INTRODUCTION 


1. Details of foundry work and casting alloys have been 
discussed in scientific and technical literature for the past 50 years. 
However, the apex of objective foundry knowledge reached thus 
far consists of the material compiled in a few handbooks, a number 
of variable standards and a few rules setting forth the best foundry 
practice to use in given cases. In addition, we have a number of 
nebulous hopes and not a few prejudices which we are prone to 


accept as true knowledge. 


2. On the other hand, no general philosophical treatment of 
the whole field has ever been attempted. Twenty years ago, when 
metallurgists were lacking in the foundry industry, this situation 
may have been justifiable. Today the situation is vastly different. 
More and more technical men go into the foundry game and a 
general review of the situation may be really worth while. So 
without expecting to give a hundred per cent true picture by his 
individual effort, the present author is attempting to take stock of 
what we possess in the foundry field in its relation to metallurgical 
science. 
A Brier Historical REVIEW 

3. It is a thankless job to hunt for precise data to determine 
when and where a certain alloy or a method originated. Secrecy 
enshrouded most foundry developments for scores of years and the 
situation became so confused that a search for origins would call 
for high grade detective talent which the author does not claim 
to possess. So, of necessity, the chronological presentation may 
suffer in regard to its precision. 


*Consulting Metallurgist. 


Nore: Presented Before Non-Ferrous Session, 43rd Annual A.F.A. Convention, Cin- 
cinnati, Ohio, May 16, 1939. 
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lin Bronzes 


4. Historical. The 10 per cent tin bronze alloy seems to be 
the main, if not the only, alloy which humanity developed at a 


very early date. Starting to use tin as an alloying element about 


{500 years ago, man came to recognize the composition mentioned 
as the most convenient one not later than 3500 years ago. Since 
then, other variants have been found, such as the speculum metal 
of the ancients with its 32 per cent tin. The 20 per cent tin bronze 
used for the casting of bells was also known at least 2500 years 
ago. Nevertheless, the 10 per cent alloy remained the universal 


standard for thousands of years. 


5. The reason was that, in addition to yielding reliable cast- 
ivs, this composition could be worked into many shapes with the 
aid of nephrite hammers and quartzite anvils, plus enough patience 
and a power of observation. For many centuries, bronze was used 
for axes and chisels with cast bodies and hard hammered edges, 
swords of cast and hammered strips, and brooches of bronze wire 
some highly ornamental. All this was accomplished in the com- 
plete absence of rolls, wire-drawing benches and the like. This art 
of hammering tin bronze into intricate shapes constitutes the only 


really lost art. 


6. So, while prehistoric bronze-smiths were active simultane- 
ously in hundreds of places in Europe alone 3000 years ago, few 
foundrymen of today are even sure that a 10 per cent tin bronze 
ean be cold worked successfully. The author has seen cases where 
small ingots of a 5 per cent tin bronze were subjected to experi- 
mental cold forging under steam hammers and the job given up 
in despair because the 3-in. square ingot became too hard to work 
further when reduced by a mere 14-in. in thickness! 


7. In the thousands of years since the development of 10 per 
cent tin bronze by prehistoric smiths, ordinary brasses in their 
wrought form and gray iron for castings (to say nothing of 
wrought iron) came into use. Nevertheless, the art of casting 
bronze continued to occupy a place in mankind’s economy, being 
transferred from father to son and never improving, but rather 
deteriorating. With the coming of the wrought iron age, the need 
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for making almost perfect bars of cast bronze to be worked into 
tools and weapons disappeared. Bronze became a material used 
mainly for bell and statue casting and there no one cared whether 
the casting was good inside as long as it showed no surface cracks, 


8. New demands came when artillery was developed. True 
enough most of the small calibers were cast of gray iron or forged 
together from smaller pieces of wrought iron at an early date. 
However, the larger pieces were cast in bronze by the same people 
who developed the art of casting large bells. The old flame furnace 
used in the bronze foundry, was of a larger capacity than the 
primitive cupolas of the gray iron foundries. 


9. Three improvements came much later. In the early part 
of the nineteenth century, the Austrian general Uchatzius developed 
his method of improving field guns by forcing a steel mandrel into 
the cast piece and then hammering the casting on the outside. This 


constituted practically a re-introduction of the old industry of cold 


hammered bronzes, but the superior technique of the new steel 
making industry cut short the life of this recovered art. 


10. Introduction of Phosphorus and Zinc. Much later, in the 
1870’s, the art of improving bronzes by adding phosphorus or zine, 
previous to the introduction of tin, were developed. The first was 
established in the industry of phosphor-bronze, the second in Ad- 
miralty gun metal. No guns were ever cast in this new 88-10-2 
composition, but for some reason, it became the darling of all the 
navies in the world. In fact, that composition is still used for a 
large number of articles used on ships. 


11. Phosphor bronze did not fare so well in the foundry field. 
The addition of phosphorus to metal that has to be cast is an ex- 
tremely delicate operation. Very small quantities do not work any 
improvement; somewhat larger ones result in blackened castings 
with many pinholes. Perhaps the only fields where cast bronzes 
may contain a substantial amount of phosphorus are gear blanks 
and certain bearings. The first is the more important, while the 
second becomes even more limited. 


12. The production of gears, gear blanks and similar ecast- 
ings, resulted in the firm establishment of alloys containing between 
11 and 12 per cent tin in the foundry industry. Below 11 per cent, 
the metal is too soft; and above 12 per cent, it is too brittle, so the 
limits are rather close. 
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13. It was found later that a 14 per cent tin bronze, while 
mpletely lacking in ductility and having the mediocre strength 
of not over 35,000 Ib. per sq. in., was hard enough to withstand 
ibrasion and dense enough to remain tight under high gas pres- 
sures. Therefore, it has become a standard material for certain 
parts of compressors and the like. It is a strange but established 
fact, that sound castings are most likely to result with 14 rather 
than with 10 per cent tin or any other alloy. Stranger still, this 
high tin alloy rarely, if ever, gives birth to the tin-sweat which 
admiralty gun metal and the gear blank compositions quite fre- 


quently do. 


14. Red Brass. When and where the red brass composition 
with its three fives—5 per cent tin, 5 per cent zine, and 5 per cent 
lead—was first used, is a question. Obviously, a composition of this 
kind cannot be expected to show any outstanding characteristics 
” However, 


ce 


for there is no magic connected with the ‘‘three fives.’ 
this composition was extremely easy to remember and the ‘‘man at 
the fire’? who saved a little money and started a shop of his own, 
liked such simple formulae. Perhaps he started with the still easier 
formula: one ounce of tin, one of lead, one of zine to every pound 
of copper—the so-called ounce metal. Later, when switching over 


to percentages in the sophomore stage of his existence, the practical 


foundryman took a fancy to the ‘‘three fives.’’ 


15. Since then, a huge amount of scrap, in this particular 
composition, has accumulated. While it is quite possible to use gear 
or admiralty gun metal scrap in compounding the ‘‘three fives’’ 
composition, going the other way is more than difficult. Again, 
brass scrap, and even some babbitt, may be allowed in the red brass 
charge with little if any harm. 


16. So today, the ‘‘three fives’’ 3s quite an established prod- 
uct. It is cheaper than all others, and whenever no responsibility 
is attached to the use of a casting, the red brass in the States, the 
ounce metal in England, and the rotguss (red castings) in Ger- 
many, is the first alloy to be specified. Very rarely tested and still 
less frequently studied, its usefulness is sanctioned by its usage. 


17. Oddly enough, while admiralty gun metal was long con- 
sidered THE metal for responsible jobs, it gave plenty of trouble 
in its applications. The castings frequently were unsound, uniform 
results were difficult to secure and they did not become less so even 








54 THE FOUNDRY AND METALLURGICAL SCIENCE 


after a number of investigations were undertaken to study the 
influences of temperatures, molding sands, additions and impuri- 
ties. Jt was found that lower temperatures are more likely to give 
better castings, that small amounts of lead improve machinability, 
that small amounts of nickel improve strength and that smal! 
amounts of antimony and arsenic are harmless. But still, a safe 
and sure way of securing castings that would look sound and be 


capable of withstanding high hydraulic or steam pressures, has not 


yet been found. Even the pyrometrical control and the purchase 


of ingot from the most reliable maker, does not guarantee results 


in the simple castings, to say nothing of very complicated ones. 


18. For this reason, probably, experiments were started in 
the direction of so changing the mixture of the gun metal as to 
obtain better results, while still sticking to the essential type of the 
alloy. Whether a thorough series of such experiments was ever 
undertaken, the author does not know, but certainly it was never 
reported. Nevertheless, such varieties were ‘‘found’’ and we now 
have the steam bronze and the valve bronze, perhaps a few more 
special bronzes, the maximum variation running from 10 to 7 per 
cent in tin, from 1 to 4 per cent zine, and perhaps up to 3 per cent 


lead. 


19. Highly Leaded Bronzes. Literature gives no indication 
as to when highly leaded bronzes came into use. It is only logical 
to assume that the idea came as a corollary to the use of ounce 
metal. At any rate, it seems that bronzes containing 10 per cent 
tin and 10 per cent lead were in regular use as railroad bearings 
early in this century. Later came those containing 20 per cent 
lead with the same amount of tin, and because this composition is 
likely to contain surface pinholes, intermediate compositions, most 
of which contain a lower amount of tin, a reasonable change, also 


came into being. 


20. The culmination points in high leaded bronzes are repre- 
sented by two alloys: a 30 per cent lead, 5 per cent tin plastic 
bronze and another alloy containing no tin at all but as high as 40 
per cent lead. These two alloys were the basis of strong competition 
and controversy some 30 years ago, but do not seem to be of much 


importance today. 


21. Apart from industrial tin bronzes, we still possess the 
old bell metal and statuary bronze. The first varies considerably— 
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e monotonous harsh bells of locomotive being cast from a metal 


ery different from that of the carillons. The metal of cymbals is 


robably also quite different. Still more variable is the metal of 


the statuary bronzes, in which the amounts of tin, zine, and lead 
vary in the extreme. That is to say, the analytical data obtained 
by various authorities show a great variation. Whether the special- 
sts in statuary castings long ago reached a conclusion as to which 
‘omposition is best for a given job, we cannot say. At any rate, 
bells and statues form a “‘specialty’’ industry into which neither 


science nor empirical knowledge has yet taken even a brief peep. 


> » 
Bi asses 


22. It is difficult to decide when and where common brasses 
began to be used for castings. We may be sure that no regular 
castings in brass were executed until Gerhardt Muntz developed 
his 60:40 metal in 1832. While Muntz was in the wrought brass 
business, the startling discovery that a brass might not be hot short, 
set some foundrymen to wondering. It was found that the same 
metal could yield decent castings and quite cheaply too. 


99 


23. Almost all later derivatives from Muntz metal were used, 
for a time at least, in the foundries. Therefore, an enumeration of 
these derivatives might safely apply to the range of the present 


discussion. 


24. Iron Bearing Brasses. Perhaps the first one among these 
represented Muntz metal with varying (but small, always less than 
1.5 per cent) additions of tin and lead. The first increases the 
strength somewhat; the second profoundly enhances machinability. 


25. Later came the great series of false alarms—the iron 
bearing brasses, which were supposed by their inventors to com- 
bine the characteristics of brass with those of the elusive nebulous 
metal called ‘‘strong steel.’’ Alloys containing a bevy of com- 
ponents, among which iron occupied its position to the extent of 
0.5 to 2 per cent were recommended for castings, forging, ete. under 
different names. Lack of definite information among metallurgists, 
and especially among their customers, permitted their claim of a 
wonderful achievement when the cast metal possessed 70,000 Ib. per 
sq. in. strength with 10 per cent elongation, although this is just a 
bit below the best value obtainable with a 42 per cent Muntz metal 
containing 1 per cent tin. 
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26. Manganese Bronze. Later came the really strong brasses, 
every one of which contained at least 1 per cent aluminum and 
some as high as 3.5 per cent of that metal. Usually, some man- 
ganese and a bit of iron also were present, but their influence, if 
any, never was proved definitely. Nevertheless, these high strength 
brasses became known as manganese bronzes. Their naming had 
some reasons, however, since a copper base alloy’s name does not 
carry the idea of strength unless the term bronze is included in it. 
The name aluminum bronze was already attached to a different 
composition so the combination of the word manganese with bronze 


was hit on as both euphonious and imposing. 


27. Manganese bronzes may possess, according to their alumi- 
num content, a tensile strength ranging from 80,000 to 115,000 lb. 


per sq. in. (as cast). Obviously enough, a range of this width al- 


lows of subdivision into a number of types, and because the alumi- 
num added is recovered to the extent of 95 per cent or more, it is 
easy enough to control the composition with good precision. How- 
ever, three types are most regularly offered. One contains but lit- 
tle aluminum, the second just enough to retain from 20 to 40 per 
cent of the alpha constituent, and the third is a straight beta alloy, 
quite close to its limit of saturation with aluminum and zine. 


28. Probably the largest tonnage of sand cast manganese 
bronze belongs to the second class and the bulk of it goes into the 
manufacture of ship propellers. Here a strength of 80,000 to 
90,000 Ib. per sq. in. may be guaranteed, according to the amount 
of beta constituent present; i.e. the amount of aluminum added. 
The strongest alloy does not seem to be widely used and the weaker 


one is probably merely listed. 


29. Yellow Brass. Finally, we may note yellow brass—an 
alloy containing about 25 per cent zine plus 2 per cent tin and 3 
per cent lead. This alloy, while stronger and cheaper than red 
brass and gun metal, very rarely is used and hardly ever subjected 
to testing. Probably its use is limited to those cases where some 
non-rusting, cheap, metal of a yellow color is needed to fill up a 


hole in space. 


30. This situation is strange because all brasses can be cast 
easily whether their zine content is 10 or 40 per cent, and with one 
per cent lead, they can be machined excellently. Their corrosion 
resistance is at least as good as that of any tin-base bronze and it is 
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ficult to see where they might prove inferior, except when work- 
under load and friction. But the more successful alloy, red 


rass, is not much used in such circumstances anyway. 


Pas > . 
eminum Bronzes 


31. Still stranger is the situation in the domain of aluminum 
onzes. They were used for castings, tentatively at least, long ago 
while aluminum itself was merely an industrial curiosity. Later, 
when scientists began to work on copper-aluminum alloys, a sub- 
t beloved of scientific investigators, it was found that bronzes 


with up to 8 per cent aluminum were too plastic and those with 
10 per cent too unreliable (self annealing). Then again, it ap- 


peared to be well established that aluminum bronzes are likely to 


contain films of aluminum oxide and to yield dirty, porous and 
leaky castings. So for many years, aluminum bronzes were looked 


upon as poison. 


32. Later, the interest in aluminum bronzes was kindled 
anew, for one reason because it was discovered that an addition of 
3 to 4 per cent iron to an alloy with 9.5 per cent aluminum, leads 
to strong reliable castings without any trace of self anneal. While 
nothing radical was done to cope with those ‘‘dangerous films’’ of 
aluminum oxide, it was found that test bars of aluminum bronze 
show rather constant characteristics and that just a bit of care, 
required in any foundry work anyway, suffices to produce good 
eastings. So today, a large number of foundries can and do produce 
decent castings in aluminum-iron bronze; and they do it with ex- 
actly the same equipment and men who used to work with other 


copper-base alloys. 


33. Another wrong idea in the field of aluminum bronzes, 
pertains to the maximum amount of aluminum that can be used 
without reducing the ductility to zero. That limit was previously 
indicated as situated near 10.2 per cent aluminum. Today, bronzes 
are used with 11.5 per cent aluminum and still a ductility of 5 per 
cent minimum is retained—far more than the best grey iron might 
possess. Special castings carry even as high as 13.0 per cent 
aluminum with 4 per cent iron. They possess no ductility in the 
cold state but are by no means brittle. Cast chisels of this material 
stand plenty of hard usage under the hammer and do not chip off. 
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Nickel Silver 
34. Among the older alloys that were used in the wrought 


form for over a century and are now being used in the foundry, we 


may count nickel silver. Its white, or nearly white, color is unique 


among copper-base alloys and castings made of it are used mainly 
in conjunction with wrought nickel silver or heavily nickel plated 
brass. Essentially, these do not differ much from the wrought al- 
loys in their composition, though they do not vary so much in their 
nickel content. The latter usually is maintained at 15 per cent and 
there is nearly always about one per cent tin and 3 per cent lead 
present. The composition of commercial ingots is so analogous to 
that of yellow brass that a name like ‘‘nickel whitened yellow 
brass’’ might be entirely appropriate. In both cases, the presence 
of tin and the high lead content are quite unwarranted, unless they 
come in during the process of compounding the charge from various 
serap. So much for the old copper-base alloys used in the foundries 


for the past 20 years at least. 


New ALLoyYs 


Silicon Bronze 


Se 


30. The new alloys form a group of what we might call sili- 
con bronzes, except that the name was in use long ago to denote a 
low tin bronze wire containing a few hundredths of one per cent 
of silicon. The east alloys carry usually about 4 per cent silicon 
plus one per cent manganese or 2 per cent iron. The presence of 
one of these last two elements is quite essential, because they (Mn 
or Fe) introduce profound structural changes in the positive direc- 
tion and considerably improve the ductility. While not stronger 
than the best gun metal, they are more reliable and might be 


cheaper too, were it not for the necessity of using virgin ingots. 


Aluminum-Silicon Bronzes 

36. To the same group belong aluminum-silicon bronzes with 
5 per cent aluminum and 3 per cent silicon. Considerably stronger 
than the silicon bronzes, they are not half as ductile. Considering 
the old prejudice against aluminum bronzes, one might expect this 
alloy to be quite troublesome, but it is not, and the same applies to 
aluminum bronzes. 


Heat Treatable Alloys 


37. The youngest members of the foundryman’s list of al- 
loys are represented by the heat hardenable compositions. We meet 
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re the binary copper-beryllium alloys, the ternary alloys of eop- 
- with nickel plus either silicon or beryllium or tin, ternary al- 


ovs of copper with cobalt plus silicon or beryllium, ternary alloys 


of copper with chromium plus silicon or beryllium; in short, some 
eight alloys. Of these, the beryllium-coppers with 2.3 per cent 
beryllium develop the highest hardness and strength (over 350 
Brinell), the copper-nickel-tin alloys come closely enough (near 
250 Brinell), then come the copper-nickel-silicon or copper-nickel- 
eryllium alloys with 190 Brinell, copper-cobalt-silicon or copper- 
eobalt-beryllium alloys with 150 Brinell and copper-chromium-sili- 


con or copper-chromium-beryllium alloys with 105 Brinell. 


38. The last three groups are far superior to any other alloys 
in the matter of electrical and heat conductivity and while not 
exceedingly hard at normal temperatures, maintain their hardness 
at a superior level in comparison with other alloys at temperatures 
up to 490°C. (540°R.). Of these three groups, those based on ecop- 
per-chromium are the most conductive and most reliable, due to 
an almost complete absence of gas porosity and of intergranular 


shrinkage. 


Conductivity Copper 


39. Finally, we must mention the non-alloved, although al- 
loy-treated, high conductivity copper. Not many foundries are 
producing it because the nature of the process is not clearly under- 
stood. The fact that most of the commercial copper ingots, as well 
as pure wrought copper scrap, contain up to 0.04 per cent oxygen 
and are gassy, militates against the making of copper castings. 
Nevertheless, certain foundries are making conductivity castings 
of 85-90 per cent conductivity as a matter of routine and these 
castings are quite free from gas-caused porosity. This fact serves 
to bring their tensile strength to 30,000 Ib. per sq. in. and over— 
close enough to the strength of annealed wrought metal and their 
ductility is always above 40 per cent, also approaching that of the 
annealed metal. 


40. The essential facts making the manufacture of conduc- 
tivity castings possible are the following: 
1. Copper does not oxidize much on remelting. 
2. It absorbs plenty of gas when just molten, but loses 
the major part of it if brought quickly to 1300°C. (2370°F.). 
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3. Removed from the furnace and treated with a smal] 
amount of a boronic flux or a copper-silicon-calcium deoxidizer, 


it becomes incapable of keeping the dissolved gases in solution. 


4. The amount of the deoxidizer used, must be less than 
that required to eliminate even as little as 0.02 per cent oxygen, 


because the addition does not function as a deoxidizer at all. 


5. Allowed to stay and cool down to the proper pouring 
temperature, molten copper loses almost its whole gas content 


and excellent castings result. 


41. In conelusion, we might say that of the six engineering 
tin bronzes, the four high lead bronzes, five high zine brasses (in- 
eluding three manganese bronzes), four aluminum bronzes, three 
silicon bronzes, conductivity copper, nickel silver and eight heat 
hardenable alloys—a total of 32 alloys—none has become obsolete 


and all are finding commercial applications. 


Light Alloys 

42. The situation is quite different in the field of light alloys. 
The use of aluminum or magnesium-base alloys depends essentially 
upon their low specific gravity and their capacity to form a protec- 
tive skin or some complex hydroxide. The necessity for alloying 
arises from their comparative softness and low elastic limit in the 
unalloyed state. 


Methods of Increasing Hardness 

43. The hardness of metals can be increased in two simple 
ways. The first method is to add elements as will form a solid 
solution in the main metal. Here, the increment of hardness per 
unit of element added is quite high, but there is no proportionality 
between effect and cause. In the second method, elements are added 
that form a secondary constituent. Here the increment of hardness 
per unit added is low but a proportionality exists, and a large 
amount has to be added before the elastic limit is thoroughly raised. 


44. There is a third method but it is more complicated, 
depending upon the phenomenon of intra-granular precipitation 
and calling for proper alloying plus at least one heat treatment 
and usually two. 


45. Hardening due to the formation of a solid solution has 
the advantage of maintaining ductility at a high level. When sec- 
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lary constituents are formed in the process of crystallization, 
ductility invariably drops out of proportion to the hardening 


leve loped. 


46. Because none of the light metals is capable of forming 
wide range of solid solutions, the more desirable method of hard- 
ng is rather limited. In the case of aluminum, this is achieved 

by adding zinc; in the case magnesium, by adding aluminum. 


tluminum Alloys 

47. Aluminum zine alloys enjoyed a superior position in the 
foundry, at least in Europe, for a long time. They possess a 
superior hardness, excellent strength, take a high polish, and do 
not absorb gases in the process of melting. However, the presence 
of zine in larger amounts ruins the protective film and makes the 
castings easily corrodible. As is the case with all solid solutions, 





both hardness and strength drop rapidly when the temperature 
is raised. Therefore, the second method of hardening, that of 
allowing secondary constituents to form, is of much greater im- 
portance to the aluminum foundry. 


Elements Forming Secondary Constituents 


48. A large number of elements can form such secondary 
constituents. We may list the commonest: (1) copper, (2) man- 
ganese, (3) nickel, (4) titanium, (5) chromium, (6) iron, (7) 

: magnesium, all of which form aluminides, and (8) silicon or (9) 
beryllium which remain elementary; 7.e. form no compounds. All 
these elements, when added to aluminum to make eastings, cause 
it rapidly to lose its high ductility and the problem is to use 
only those elements, and in such quantities, that will produce a 
considerable amount of hardening before true brittleness develops. 


49. This latter usually takes place after an ultimate strength 
of 22,000 Ib. per sq. in., equivalent to a 100 per cent increase in 
the strength of good commercial aluminum, is reached. No alumi- 
num alloy, used in the shape of an as-cast casting, possesses over 


6 sm mtn 


1 per cent ductility when this figure of tensile strength is attained. 
The combination of mechanical characteristics so obtained is, in- : 
cidentally, a perfect dowble for that of the usual gray iron. 


50. When a ductility of at least 5 per cent is desired in the 
as-cast casting, it is necessary to limit the alloying to the point 
where only 17,000 lb. per sq. in. strength is attained. It always 
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must be borne in mind that the capacity of forming a protective 
film must not be inordinately impaired. There can be no talk about 


keeping it fully intact! 


51. There is also another point to be considered. The sec- 
ondary constituents that provide the hardening effect, differ greatly 
from aluminum in their specific gravity and their melting point. 
The chances for segregation are very great and, while spots of high 
hardness may occur, the casting is likely not to be uniform. There- 
fore, the amount of the secondary constituents has to be limited 


so as to avoid undue segregation. 


52. These considerations immediately eliminate the use of 


any large amount of manganese, iron, titanium, chromium, magne- 
sium or nickel and the following ranges of compositions are avail- 
able if one wishes to get into the strength range of 17,000 to 22,000 
lb. per sq. in.: 


From 1 to 2 per cent manganese 
From 2 to 6 per cent nickel 
From 6 to 12 per cent copper 
From 3 to 6 per cent magnesium 
From 5 to 20 per cent silicon 


53. Iron, chromium and titanium tend to segregate badly and 
should not be present in amounts of more than 0.5 per cent. 


54. Indeed narrow is the range of elements and their respec- 
tive amounts that may usefully be added to aluminum in the 
foundry. The whole range above mentioned is now covered by 
known combinations but only a still narrower range is in actual 
use; namely 


Aluminum-copper with 8, 10, and 12 per cent ecopper— 
Three alloys 


Alummumz-silicon with 5, 10, and 18 per cent silicon— 
Three alloys 


Aluminum-magnesium with 4 per cent magnesium—One alloy 


Aluminum-manganese with 2 per cent manganese—One alloy 
Eight alloys used in the as-cast state form the whole field of ex- 
isting compositions and only four of them (8 and 10 per cent 
copper, 5 and 10 per cent silicon) are in wide use. 
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it Treatable Ternary and Quaternary Aluminum Alloys 


di 


55. There has been no dearth of effort to produce ternary 


nd quaternary combinations and in this manner many more al- 


s, proprietary and otherwise, have become known. Aluminum- 
pper-silicon alloys were bidding fair for a wide field of uses, but 


‘ 


‘ir advantages are offset by the ‘‘complications’’ arising from 


Ir use. 


56. A wider range of alloys becomes possible if it be agreed 

to subject the castings to a process of heat treatment. Practically 
| the binary alloys can be heat treated for increased hardness 
it an improved ductility is achieved only in those castings that 
ontain very little gas, and, unfortunately, all the binary alloys, 
except the obsolete aluminum-zine alloys, tend to absorb gas though 


a straight 99.5 per cent aluminum does not do so. 


57. Better results are obtained if the ternary or quaternary 
alloys contain some magnesium. A small amount of it assists great- 
ly in developing high strength and hardness plus an improved 
ductility in aluminum-copper, aluminum-silicon, aluminum-copper- 
silicon and aluminum-copper-nickel alloys, thus yielding four 
groups of heat hardenable alloys. In none of the four groups do 
we possess specific compositions endowed with a set of most favor- 
able characteristics, and a further classification therefore is im- 
possible. The following combinations can be considered as 
representative : 


10 per cent copper and up to 0.20 per cent magnesium 
10 per cent silicon and up to 0.3 per cent magnesium 
4 per cent copper, 2 per cent nickel and 1.5 per cent magne- 


slum 


58. In the last named alloy, the nickel content might be re- 
duced or increased by 1 per cent without much of a change and 
the magnesium could be reduced to 1 per cent to an advantage. ,In 
fact, though this alloy enjoyed quite a boom some time ago, it did 
not result from a thorough-going investigation of all combinations 
possible. While varying the copper between 2 and 8 per cent, the 
nickel between 0.5 and 3 per cent, the magnesium between 0.5 and 
2 per cent would have required making not over 126 heats plus 
perhaps the same number of verifying heats, the renowned ‘‘Y”’ 
metal, otherwise called magnalite, was not born, but like Topsy 
just 


‘orewd.”’ 
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59. We cannot pass without mentioning here the modified 
aluminum-silicon alloys, containing about 13 per cent silicon and, 
when treated with sodium and carrying not over 0.3 per cent iron, 
yielding strong and chemically superior castings with a strength 
of nearly 30,000 lb. per sq. in. and an elongation of 5 per cent. 
However, the alloy is likely to be porous and cannot be made from 
commercial secondary aluminum with its 1 per cent iron plus. For 
these reasons, and others, it does not seem to form a standard alloy 
in any of the commercial foundries. 


Magnesium Alloys 


60. Magnesium is even less capable of forming a great variety 


of useful casting alloys than aluminum. The binary magnesium- 
aluminum alloys, for some reason, fall short of requirements and 
other elements, including copper, manganese and zine, are added 
to harden the casting by the method of forming secondary con- 
stituents. 


61. These complex magnesium base alloys, called ‘‘Dow’”’ 
alloys in this country and ‘‘ Electrons’’ in Europe, are too young 
yet to make possible a proper classification. Most probably one 
eomposition forms the bulk of the consumption, others being made 
when ealled for, if and when a reasonable assumption is made that 
the variation will best fit the specific need. 


Nickel Alloys 

62. Lastly, we shall mention the high nickel alloys, ‘‘Monel’”’ 
and ‘‘K-monel,’’ which are fully within the reach of any capable 
and determined foundryman. The first, a natural alloy with 25-35 
per cent copper plus variable amounts of iron, manganese, silicon 
and a bit of carbon, is sufficiently well known to require no addi- 
tional description. The ‘‘K-monel’’ is obtained by adding to the 
monel up to 5 per cent aluminum and subjecting it to a solubiliz- 
ing high temperature (900-1000°C. or 1650-1830°F.) first, and a 
hardening treatment (500-600°C. or 930-1110°F.) later. It develops 
a hardness of over 300 Brinell and is highly resistant to corrosion. 


63. No other high nickel alloy of today is within the means 
of the regular non-ferrous foundry. 
SuMMARY 


64. Summing up our list we find the following: 
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(1) Six engineering tin bronzes (red brass, admiralty, 
steam metal, gear metal, 14 per cent tin bronze, and bell 
metal). 


(2) Four bearing-lead bronzes (10-10, 10-20, 5-30, and 
60-40). 


3 Feur aluminum bronzes (9 AI-3 Fe, 10.5 Al-4 Fe, 
11.5 Al-4 Fe, and 13.0 Al-5 Fe). 


(4 Three silicon bronzes (4 Si-l1 Mn, 4 Si-2 Fe, and 
5 Al-3 Si BP 


5) Five brasses (Muntz metal, three manganese bronzes 
and yellow brass). 


(6) Eight heat hardenable copper-base alloys. 
Straight high conductivity copper. 
Nickel-silver. 


(9) One bronze of indefinite or obscure composition, as 
used for statuary work. 


(10) Four aluminum-base alloys used in the as-cast state. 


(11) Three aluminum-base alloys used after heat treat- 
ment. 


(12) One aluminum-silicon alloy used after a modifying 
treatment. 


(13) One magnesium base alloy. 


(14) Two nickel base alloys 
making a total of 44 alloys. 
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Part I! — Metallurgical Science and the Foundry 


65. Having taken an inventory of the individual alloys which 
the foundryman can use now, we shall go further and see to what 
extent science has helped, is helping, and may help the foundry- 
man. and to what extent he might engage the services of science 


in the future. 


THe EquiuipriuM DIAGRAM 


66. Investigation in the natures of alloys was not the first step 
in the approach of science to practical metallurgical problems. This 
was antedated by the advent of applied mechanics with its study 
of mechanical characteristics. This latter step started about 1825 
in its application to cast iron and provided the first indications 
that metals and alloys might and should be improved. The result 
was that progressive foundrymen here and there began to look 
empirically for such improvements, even though not a single lead- 


ing thread was in their hands. 


67. The way became clearer when, one after another, came 
the studies of equilibrium diagrams for the carbon-iron series, then 
for those of copper-tin, copper-zine, and copper-silver series; all of 
which provided combinations of all the essential structural features 


to be had in the general field of alloys. 


68. Those first studies provided a good explanation of me- 


chanical characteristics on the basis of structural relationships. 


They showed that a metal becomes specifically hardened in the 
measure it takes other metals into solution in its erystals and that 
the appearance of a secondary constituent—especially between the 
grains—brings about an additive increase in hardness and a rapid 


loss of ductility. 


69. The first studies of alloy constitutions were wide in range; 
i.e. embracing the whole series in the case of binary alloys, but by 
no means sufficiently precise. It took nearly ten independent in- 
vestigations over a period of 40 years, clearly to establish the con- 
stitutional features of copper-tin alloys, and nevertheless, there 
remain certain features in the most important field of the alpha 
solid solutions which the diagram does not explain and which eall 
for a variety of hypotheses. 


70. At any rate, we possess today rather complete informa- 
tion on the constitutions of the following binary alloys: 
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(a) Copper with (1) zine, (2) tin, (3) nickel, (4) iron, 
5) aluminum, (6) silicon, (7) antimony, (8) arsenic, (9) 
phosphorus, (10) lead, (11) silver, (12) chromium, (13) mag- 


nesium, (14) cadmium, (15) manganese, (16) beryllium. 


(b) Aluminum with (1) copper, (2) magnesium, (3) 
manganese, (4) silicon, (5) niekel, (6) iron, (7) zine, (8) 


chromium, (9) cobalt, (10) silver, (11) lithium, (12) ealeium, 


13) antimony. 


(¢) Magnesium with (1) aluminum, (2) copper, (3) 
a manganese. 
| 71. Ternary and quaternary alloys form a vastly more dif- 


ficult field for constitutional investigations. Not even one hundred 
experimental melts, subjected to thermic analysis, can yield enough 
data to permit a satisfactory sketch of constitutional situations and 
‘ changes for a complete ternary system. And as far as the indus- 
trial alloys are concerned, the variations of composition from one 
experimental heat to another must be quite small or a precise pic- 
ture will not be obtained. Should we desire, for instance, to get 


SPOON EF OL ile pe NT 
? 


a good constitutional diagram for copper-zinc-aluminum alloys in 
the region embracing 15 per cent aluminum and 55 per cent zine, a 
problem would arise of investigating some 120 basic and probably 
30 more verifying heats. It can be done of course, but so far no such 
decisive effort has been made. That is why our knowledge of con- 
stitutional diagrams of ternary and more complicated alloys in the 
domain of the copper-base systems is so sketchy as to be practically 


useless. 


72. The situation is better in the case of aluminum-base al- 
loys. Not only are fewer experiments necessary, but in addition, 
the temperatures of solidification and transformation are so low 
that the technique of the thermic analysis is greatly simplified. Due 
to the efforts of the aluminum producers in this country and the 
British investigators, we now possess reliable diagrams for the 
aluminum-copper-silicon, aluminum-copper-nickel, aluminum-cop- 
per-magnesium, aluminum-iron-silicon, aluminum-magnesium-sili- 
con, aluminum-zine-magnesium through ranges extending far be- 
yond the possible industrial alloy compositions. 


73. <All these results of well investigated series and systems 
are of great value to the makers of the wrought alloys. The latter 
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have to pass through so much kneading and heating that, as far as 
their constitutional characteristics are concerned, they are in a 
complete state of equilibrium, or else in precisely that distance 


from it as may suit our needs. 


74. The situation is different in the case of the foundryman. 
Most of his products are never heat treated and never reach the 
equilibrium state because the solidification and cooling proceed at 
too high a speed. In addition, the distance from the equilibrium 
state depends on the size of the casting and its thickness. 


75. Further still, hardly an alloy used in the foundry rep- 
resents a simple binary or ternary system. We must introduce lead 
wherever it does no harm for the purpose of enhancing machinabil- 
ity, and as much of the cheaper elements as the job will stand, to 
eut down the costs of production. Who will make bold to say that 
a commercial bronze with 8 per cent tin, 4 per cent zine, 3 per cent 
lead, plus a variable though small amount of iron, antimony, nickel, 
arsenic and last but not least a substantial amount of occluded 
gases, will not show a vast constitutional difference from that of a 
pure mixture of 88 per cent copper, 8 per cent tin and 4 per cent 


zine made in an electrical resistance furnace? 


76. It must be stated emphatically that, in their present state, 
the equilibrium diagrams mean very little to the practical foundry- 
man no matter how progressive and scientific he may be. Of course, 
an educated foundryman must have before his eyes a fairly ac- 
curate picture of every diagram of importance in his field; he can 
not expect, however, to make a better use of them than appraising 
and discarding any wild scheme of ‘‘alloy improvement.”’ 


THE MICROSCOPE 


77. The present day metallurgical microscope owes its ex- 
istence in an equal measure to the Frenchman, Le Chatelier, and 
the German, Martens. The first conceived the instrument as an 
auxiliary apparatus to be used in studying constitutional diagrams 
via structural observations. The second intended it mainly for the 
study of the causes of changes and imperfections in steels. Today, 
however, the microscope occupies the first place in the examination 
of constitutional features where its precision exceeds that of the 
thermic analysis. Of course, its main use covers the field ef such 
structural characteristics as grain size, inclusions, dendritism, 
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malies, grain distortion, ete., which can not be read at all from 
i best constitutional diagram available. 
| 78. Here again the maker of wrought alloys is decidedly at 


advantage. A few specimens taken from a batch of steel rails 


é. 
; 


will tell the metallographer whether the metal abounds in inelu- 
sions or not, or whether a batch of sheet brass, intended for a deep 





lrawing job, has the proper grain size. 


79. The non-ferrous foundryman who wishes to use the 
microscope has a thankless problem before him. Even the starting 
point; i.e. getting a well polished surface, is fraught with difficul- 
A ties. This is because even the best casting will possess a certain 
amount of gas holes that become collecting pockets for the polishing 
medium and the particles of the latter, released on the reversal of 
the direction of polishing tend to produce new scratches. 


80. While examining the polished surface in the unetched 
state, he is likely to notice a large number of dark spots. What 
do they represent? Are they holes or inclusions? If holes, are 
they gas holes or shrinkage cavities? If they are inclusions, are 
they grainlets of oxide, sulphide or nearly eroled grainlets of lead? 





To decide on these questions requires almost a prophetic gift, be- 
cause both holes and inclusions are equally dark, and because most 
a of the inclusions will be pulled out in polishing unless the polisher 
i possesses the patience of a saint, and a true love for his humble 


work. 


81. Furthermore, the distribution of holes and inclusions (the 
latter, by the way, are devoid of any importance unless extremely 
large) varies from spot to spot and no fair average can be obtained. 
So, while the need for a microstructural examination arises mostly 
in the case of failures or rejections, it is quite possible for the 
customer to locate a spot that is all holes or all dirt, and for the 
maker to find very close to it another spot of a fairly uniform and 
sound structure. 


82. The foundryman can gain even less valid information 
from the examination of etched surfaces. In the case of tin or 
silicon bronzes and some aluminum bronzes, the matrix will be 
formed of highly cored grains among which he will see the sec- 
ondary constituent—a eutectoid in all three cases. Of the grain 
size, the microscope will tell him nothing because the smallest grain 
will be more than 1 mm. across and consequently will oceupy the 
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whole field of vision at any magnification. The grain-size in cast- 
ings has to be ascertained from a macrograph if it is deemed to 


be of importance. 


83. Now, what can a foundryman say when he sees a den- 
dritie or cored structure of the individual grains? He knows before- 
hand that the grain must be dendritic because the equilibrium state 
is not reached and the central part of the grain differs chemically 
from its outside. He knows also that the intensity of the coring 
effect depends upon the etching reagent and the conditions of 
etching, which cannot be so far precisely controlled. Therefore, 
he can not even pass judgment as to the possible inhomogeneity 
grade of the individual grain—not that it would help him mueh 


were he able to do so! 


84. What can he say when he observed the delta eutectoid in 
admiralty gun metal, for instance? Its amount will depend on the 
conditions of cooling and, to an extent, upon the lead content. It 


will be larger in the test piece than in a thick part of a casting 


Logically, the increased amount ought to mean more hardness, but 


less strength and ductility. But the tool of simple logie fails here. 

good standard test bar may possess 15 per cent of the eutectoid by 
volume and show 45,000 lb. per sq. in. strength plus 35 per cent 
elongation, while a bar taken from the big casting, simultaneously 
produced, may carry only 3 per cent of the delta constituent, but 


show only 37,000 lb. per sq. in. strength and 20 per cent elongation. 


85. Of course, the microscope may produce visual evidence 
in some extreme cases. It may show that the casting was bad when 
any spot examined exhibits a network of large and small holes. It 
may show that an error in compounding brought in too much tin 
if the amount of the eutectoid observed reaches 30 per cent instead 
of the normal 5 per cent. Other methods, however, such as density 
determination and chemical analysis, will explain such cases in a 
more definite manner, inasmuch as they can yield true averages 


which micro-investigation cannot do. 


86. Suppose that a metallurgist wishes to apply the micro- 
scope to the study of manganese and aluminum bronzes, both of 
which consist essentially of a mixture of the alpha and beta phases 
plus some bluish looking constituent of an oval form due to the 


presence of iron. 


87. Having cast a propeller of manganese bronze, the foun- 
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dryman chisels off the ecast-on test bar and uses a piece of it for 
he microstructural investigation. If he has previously had con- 
siderable experience in examining such samples, he will be able to 
tell right away whether the ratio of the two constituents is a 
normal one, and he may even get a nice picture of the ‘‘blue con- 


stituent’’ in addition. 


88. But the foundryman and his customer are not interested 
simply in looking at ‘‘nice’’ pictures. If they ask the metallog- 
rapher for an interpretation, at the present state of our knowledge 
he cannot possibly undertake to say how the distribution of the 
erainlets of this blue constituent may affect the characteristies of 


the casting. 


89. On the other hand, his estimate of the alpha/beta ratio 
is of very little consequence. A look with the unaided but experi- 
enced eye upon the fracture, a plain Brinell test or a density 
determination will indicate the variation of the ratio in question 
from the normal with equal if not higher precision, and each of 


these tests is cheaper and quicker. 


90. In the case of aluminum bronze, the metallographer might 


like to know whether the casting has become defective due to ‘‘self- 


anneal.’’ This self-anneal corresponds approximately to the 


phenomenon of the dissociation of the beta phase. The initial stage 


of this dissociation takes the shape of an acicular structure of the 


beta grain. 


91. However, the chemical differences that bring out the 
acicular structure in the individual beta grain are not half as 
strong as those reigning at the boundaries of the alpha and beta 
phases. Therefore, only an exceptional etch might show the dete- 
rioration of the beta phase. On the other hand, a hardness test 
and a bend test will discover the presence of such deterioration 
immediately. However, such deterioration can never take place in 
a casting which does not carry over 9 per cent aluminum and ¢on- 


tain some iron. 


92. The situation is still more negative in the case of heat 
hardenable alloys. The hardening precipitation is a submicroscopi- 
cal phenomenon and no lens will tell the difference between the 
homogenized and the properly heat-aged metal. The microscope 
may show, however, whether much of the hardening compound has 
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remained undissolved and coalesced along the grain-boundaries, so 


causing a loss in ductility. Unfortunately, the remaining grainlets 


are always very small and their presence can be ascertained at 


higher magnifications only. Only a true artist in metallography 


likes to work with 4 mm. or the 2 mm. oil immersion lens. 


93. In short, the production foundryman hardly can expect 
to make good use of his micro-equipment. To him, it is merely an 
expensive toy which comes in handy for preliminary development 
work on the introduction of a new alloy, the properties of which 


are not clear. But such cases are rare. 


Tne X-Ray APPARATUS 
94. The possibility of recognizing very unsound spots in 
pieces of metal photographed in the light of the transmitted x-rays 
has long been recognized. The holes drilled in metallic keys pro- 
duced strong shadows in the very first photographs taken by 
Professor Roentgen. Nevertheless, the method remained only a 
possibility as long as the old soft tubes were used in connection 


with low voltage excitation. 


95. Higher voltages came into use after the development of 
methods for studying the structures of crystals of metals and al- 
loys. From there, another step produced tubes of very high voltage 
excitation, the hard rays of which are capable of penetrating heavy 
layers of metals and telling the story of their local soundness. 


96. Crystal analysis still remains a purely theoretical issue 
for the foundryman. The very fact that the grains are mostly 
denditric and that the x-rays produce a picture of the raw aver- 
ages of atomic distances make the application of this branch of 
study to foundry problems quite impossible. 


97. The situation is only slightly more favorable in the case 
of radiography. The method may be used advantageously where a 
large number of small simple cast parts is produced in a batch. 
Symmetrically disposed on the table of the apparatus and pho- 
tographed in the transmitted x-light, the unsound pieces will differ 
sharply from the sound ones. 


98. Even simple, but large, castings cannot be efficiently 
radiographed in one shot. The farther from a perpendicular attack 
by the rays a part of the casting is located, the less intensive the 
total attack per unit of area (in the second power of the distance 
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m the anti-cathode), and the thicker appears that part in the 
ection of the transmitted x-rays. Therefore, an evenly illumi- 
ited picture of a long cast bar or of a large cast plate is difficult 
to secure. Only in those cases where it is suspected that a given 
is unsound, and irregularly unsound in addition, will the 
iys tell the true tale. On the other hand, an evenly porous 
‘asting of gun metal of the specific density of 8.65 (against the 
maximum of 8.85) will not produce a much different picture from 
: evenly porous casting with a density of 8.50. Yet their physical 
characteristics will be vastly different. 


99. Bronze gears or gear blanks can be investigated with the 
x-rays to a great advantage, for here the method permits of the 
disclosure of any shrinkage cavity of importance. They might also 
help to ascertain whether a given design of a large wheel does not 
ead to the formation of shrinkage cavities at the individual joints 
f the spokes and the rim. But those are only secondary troubles 
in a non-ferrous foundryman’s life; general porosity and inter- 
granular shrinkage are his real enemies and here x-rays are of no 
avail. To think of investigating by x-rays a large casting for a 
propeller shaft’s jacket weighing about 6000 lb., or the propeller 
itself is hopeless. So we are forced to conclude that even the x-rays, 
one of the most powerful weapons of metallurgical science, can be 
of but little help to the practical foundryman. 


CHEMICAL ANALYSIS 


100. Except for a new Rockwell hardness tester or an old 
Brinell press, the chemical laboratory is probably the most fre- 
quent adjunct of the non-ferrous foundry. Its functions there are 
manifold but can be subdivided into two elasses of services: the 
commercial and the technical. 


101. While most of the foundries have to use some virgin 
metal to make up a charge of a given composition, commercially 
the best, and actually the more rational way, is to buy ingots of 
the proper type from a reliable scrap refiner. Most of the latter 
are quite capable of producing ingots within the range of the 
chemical specifications and very frequently the refiner makes sure 
before making a shipment of such ingots that a properly handled 
heat will yield test bars exceeding the minimum requirements of 
the various standards. 
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102. But not all refiners are on the same level and not every- 
one’s invoice can be trusted. Therefore, the foundry laboratory 
has to analyze now and then the incoming batches of ingots to 


make sure that a shipment of gun metal really averages 10 per cent 


tin plus or minus a few tenths of one per cent. Such services we 


might call commercial, as the technical side of the job does not 


form the first consideration. 


103. Where alloys are prepared and ingoted right at the 
foundry, the laboratory may be called upon from time to time to 
check the correspondence of the ingots made to the charge ordered. 
This, too, may be considered in the nature of a commercial service. 
It provides a control of the conscientiousness of the man making 
up the charge in his relations to his employers. Even here, a 
chemical analysis is not usually called for, unless a preliminary 
examination of the filed down surface and a hardness test indicate 


a suspicious deviation from the normal. 


104. Far more important might be the services of the chemical! 
laboratory in helping to clear up cases of failures in castings. The 
personnel of the chemical laboratory is probably well enough 
trained to determine precisely the amounts of tin, lead, copper, 
aluminum, and iron present. In fact, unusual precision in the 
determination of these elements is not necessary. It is of but little 
importance whether a leaded admiralty gun metal contains 10.2 
or 9.7 per cent tin, 2 or 1 per cent zine, 0.5 or 0.8 per cent lead, 
0.2 or 0.3 per cent iron (from the stirring bar). So, should the 
chemist be eareless enough to lose 5 ec. of his second washing water, 
or should he drop a tiny bit of the precipitate of metastannie acid, 


the error will be too small to vitiate the analytical results. 


105. On the other hand, the failure of an aluminum bronze 
might be due to the presence of small amounts of arsenic in the 
copper scrap used. A manganese bronze may suffer badly if more 
than a trace of antimony gets in the metal and a leaded bronze 
may be ruined by the presence of 0.05 per cent aluminum (as the 
accepted opinion says). But will the foundry’s laboratory be able 
to give a quick and precise answer to such questions? We venture 
the opinion that a laboratory so equipped and manned would prove 


too eostly for routine work. 


106. Perhaps a far more important service could be given 
by the laboratory if it were able to tell promptly and precisely how 
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1uch gas a casting contained and what was the nature of such gas. 
But is there a foundry anywhere today which is able to cope with 


) 


roblems of this type, otherwise than tentatively ! 


107. The steel foundry handling tons of metal at a time can 

ww and then establish a rapid control (colorimetric) of the essen- 
tial elements present. For commercial and technical reasons, the 
non-ferrous foundry cannot allow the few hundred pounds of 
molten metal in the crucible to linger in the furnace for half an 
hour extra even if it were possible to return reliable data on the 
composition of the metal in that short time. With the pouring 
done, there is no need to analyze the metal if the castings are good 
while a post factum analysis in eases of failure does not help much. 
A controlled remelt of a few pounds of the scrap, followed by 
simple mechanical tests that do not take one half hour, will tell 
definitely whether it was the composition that was at fault. After 
that, the finding of the true troublemaker will be the task of the 
umpire. And at any rate, castings fail mostly on account of por- 
osity and misplaced shrinkage, and cases where the composition is 


at fault are rare. 


MECHANICAL TESTING 


108. Tests of a mechanical nature can be subdivided into four 
classes : 
(1) Those requiring no machinery and yielding crude 
qualitative results, 
(2) Simple hardness tests using the Brinell or the Rock- 
well apparatus, 
(3) Specialized tests for fatigue and impact, 


(4) The usual statie tests. 


The highly specialized creep and abrasion tests are still in their 
infaney anyway and foundrymen will not be interested in them 


for years to come. 


Observation Results 


109. The crude qualitative tests form the best method for the 
study of cast metals. A small sand cast sample of not too plain a 
shape if thoroughly belabored with the hammer, the chisel and the 
file will reveal imperfections that no other test will show. Scores 
of fractures can be examined in a few minutes. And if the foundry 
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manager and the test engineer is willing, the breaking of one actual 
easting selected at random will tell a great deal about the general 
and local porosity, shrinkage cavities and shrinkage cracks, pres- 


sence of dirt, ete. 


110. The only trouble with such tests is that they are likely 
to become perfunctory. Their results cannot be expressed in a 


report of 300 plain words and the momentary impression tends to 


evaporate so that succeeding tests do not benefit from the results 


of the past ones. 


111. Here we come to the conclusion that a well trained 
memory and a strong determination to use it are the most essential 
and unalienable tools of a progressive foundryman. He, or the man 
who works for him, must train himself to memorize and classify 
in his mind the results of these crude but rapid and most revealing 


tests. 


Hardness Tests 


112. The second class—the hardness tests—are much beloved 
because they are so cheap in execution and yield figures, not mere 
impressions upon the unwilling brain. In certain ways, the hard- 
ness test is really worth while. The surface of a casting of a given 
composition will always yield closely coinciding hardness data. 
If, in one case, the hardness drops from 70 Brinell normal to 65 
or rises to 75 the composition undoubtedly differs a lot from the 
desired one. Or, if a heat-treated casting of copper-chromium 
shows a surface hardness of 95 instead of 105, a goodly loss in the 
recovery of the chromium added becomes apparent. 


113. However, surface hardness is no guarantee that the 
hardness of the deeper layers will be of the same order or will even 
vary in a uniform manner. In many an alloy of the tin bronze 
type, the hardness 10 mm. below the surface may drop by 50 per 
cent. Porosity and shrinkage inside the casting produce but remote 
effects upon the hardness of the surface. The latter, to the depth 
of one or 2 mm., acts as if it were a shell having nothing in com- 
mon with the metal beneath. 


114. Another dubious point presents itself when different 
types of hardness tests are being used. The finer ones, like the 
Vickers pyramid test, are hardly applicable to the study of cast 
metals, although they are nearly ideal when applied to wrought 
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irticles. But even the two rougher ones, the Brinell test with its 
10 mm. ball and a 500 kg. load, and the Rockwell ‘‘E’’ with its 
Lg-in. indentor and a 100 kg. load are by no means comparable, 
when the inside of the casting is studied. The impressions cannot 
be made at the same spot—that much is obvious. Even taking ten 
Brinell readings and ten Rockwell readings, averaging each and 
correlating the results produces no precise information. The aver- 
ages of the next groups of ten readings may be vastly different 
from the first ones and the differences do not have to run in the 


same direction. 


Fatigue and Impact Tests 


115. It may seem strange to take up fatigue and impact tests 
before discussing the static tests, but this is done here so as to dis- 
pose early of another unpromising subject. Fatigue testing belongs 
to those experimental methods that rapidly capture human fancy. 
The very fact that one has to rin scores of tests at various loads 
and for periods covering months strikes man with awe. There was 
a time when fatigue tests were believed to lead us to the true under- 
standing of the nature of permanent deformations and incipient 


failures 


116. Foundrymen were never thoroughly interested in fatigue 
tests and rightly so. The test is in itself too conventional, too de- 
pendent upon a given shape of the test piece and upon the ap- 
paratus used to permit of far-reaching conclusions. The raw bars 
purposely cast to be machined into fatigue specimens under ideal 
conditions, might produce important data as to the stress at which 
the first slip starts for a given alloy composition. A gun metal 
charge made of virgin materials of high purity in an atmos- 
phere of argon or helium and cast with the maximum pre- 
caution into a series mold of dry sand so as to yield 30 to 40 round 
bars for further machining, might provide us with very valuable 
data on the basis of numerous carefully checked fatigue tests. 

117. But such ideal gun metal may have but little in common 
with the alloy used in the most progressive foundry. Nine times 
out of ten, a tiny pinhole will occur exactly where the maximum 
strains are supposed to take place and the results of the fatigue 
tests will show no regularity whatsoever. 


118. Almost the same thing applies to the impact test. It is 
not too difficult nor too costly to cast a number of square samples 
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about 12 mm. across and 100 mm. long, to machine them into regu- 
lation test bars provided with regulation notches, while breaking 


them in the impact machine takes practically no time at all. 


119. The results of such tests, however, will vary greatly 
unless the original samples were machined and notched in a pre- 
cisely identical way. In addition, these results may not correspond 
in any definite degree to the impact resistant qualities of the cast- 
ing itself. So while it is fairly reasonable to expect that the actual 
casting, while inferior to the separately cast tensile test bars, will 
possess an average tensile strength equal to 80 per cent or more 
of the strength of the test bar, actual experiments have shown that 
impact strengths may vary within the same casting by 70 per cent, 


aceording to the location of the notch. 


120. All told, we are compelled to conclude that the special- 
ized tests for fatigue and impact resistance, like others in the same 
class, do not interest the foundryman. Too many are the conditions 
to be met if the results are to have a scientific value and even the 
best foundry practice imaginable cannot derive elucidating con- 


ceptions from such results. 


Tensile Tests 


121. There remains now the old, time-sanctioned and logical 
test of the standard bar in tension. It is not an absolutely faultless 
test and there still remains the conventionality of the dimensions 
of the test bar, the arbitrarity of the elongation figure. But even 
so, it is far superior to others, for it has a definite physical signifi- 
eance and, with due allowances for other factors, it defines well 


enough the given bateh of metal, if not the casting made of it. 


122. Only the small foundries can afford to do without a 
tensile testing machine for it is always preferable to conduct the 
acceptance test right in the foundry or to forestall its results by 
running one’s own, even if not an officially recognized test. How- 
ever, in most foundries, the tensile test is resorted to only when 
contracts make it obligatory, or when a member of the staff waxes 
ambitious and tries to develop a new alloy or a new procedure in 


handling an old one. 


123. It would be obviously impossible even for the best foun- 
dry to cast test bars of each heat and subject such test bars to 
machining and testing. It requires at least two test bars to arrive 
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substantiated conclusion and not even a heat of 600 lb. would 

nd the expense involved. So there can be no question of run- 

¢ tensile tests in a regular way, day in and day out. There is, 
wever, one point where the foundries fail to derive the maximum 
nefit from the tests actually performed. That is in the extreme 
rmality with which such tests are run. So, because no standards 
emand or indicate the range in which the figures of area redue- 
tion, elastic limit and elasticity modulus of a given alloy must fall, 
hese data are usually not considered. And once the test is per- 
formed and the piece broken, the chance of getting these data is 


forey er. 


Value of Records 


124. There is one more dark point of which we shall talk. 
written records of the tests are of course not destroyed right 
iway but go into storage for a time, exclusively for the purpose 
of keeping a recorded evidence handy in case arguments arise. The 
old records accumulate dust and are never brought to light for 


curiosity ’s sake. 


125. It requires no proof to state that any sizable foundry, 
catering to exacting customers, has in its archives thousands of 
records of tests run on alloys of important nature: admiralty gun 
metal, steam metal, aluminum bronze, manganese bronze, ete. A 
simple statistical examination of the various characteristics would 
undoubtedly produce very instructive frequency curves showing 
the degree of probability that a certain feature will fall within a 
given range. A more complicated examination, in which the results 
would be correlated to the source of the ingots, the day of the 
week, the foundry boss in charge, the nature of coke, ete., might 
produce valuable indications and so eliminate some intrinsic causes 


of failure. or enhance those of success. 


126. Wherever conditions permit, a foundry should not be 


satisfied to buy some machine that a steel rolling mill or a college 


is ready to junk. The tensile testing machine is frequently the final 


arbiter and should be equipped in the best manner possible. <A 
precise extensometer, or better still, a good recording device is 
essential. Its indications may not interest the customer or the 
judge, but it costs little to make them and the larger record calls 
for no more food per day than the abbreviated one. 
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Summary Of Tests 
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127. Summing up the preceding matters we wish to state 
again that with the exception of the crude qualitative tests and 
the tensile testing—if properly conducted, recorded and examined 
—no other scientific tool nor theory (constitutional diagrams, 
erystal germination, etc.) can be of great assistance to the foun- 
dryman in his task of turning out high quality products at a con- 


ay 


ceivable minimum expense. Metallurgical science and the foundry 


MRR ES 


industry may pretend to foster one another, but as a matter of 
fact, their contacts are rare, mostly unsatisfactory to both and 
what is worse, cannot be made more continuously satisfactory. It 
simply is not yet in the nature of things. 


128. This does not mean that the foundryman should oppose 
his metallurgist when the latter asks for various scientific equip- 
ment. On the contrary, whenever a company running a foundry 
is not close to bankruptcy, it should bring in better laboratory 
equipment, more books and magazines and engage more men with 
a scientific viewpoint. 


129. If this expense serves to make the foundry’s staff better 
educated, more capable of understanding the experimental work 
of other people and better able to reproduce the experiments, the 
profits will be invariably there. They may not be directly discernible 
in dollars and cents and that foundry president makes a big 
mistake when he expects that installing some scientific equipment 
will inerease his profits within a ‘‘reasonable’’ period of time. It 
can’t be done. 


CAN SCIENCE HELP ? 


130. ‘‘But,’’ the foundryman may ask, ‘‘my business de- 
mands that I continuously improve my products, and that I elimi- 
nate failures and rejections to a great extent. Can science or the 
scientific method help me in that permanent task?’’ To this ques- 
tion the author answers: 


131. Your business depends on two major things—first, a 
thorough understanding of general foundry processes; secondly, 
the art of proper management and of individual adaptation. The 
products of your business cover a wide field of shapes, sizes, and 
applications. The proper handling of each of these constitutes an 
art and developing this art to perfection is the task of your in- 
dividual foundry. 
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132. But the general processes are a different thing. No in- 
dividual foundry is rich enough to investigate them all of its own 
accord; and even if it were, it could ill afford to do so because 
the costly results would benefit its competitors at no cost to them. 
Therefore, the investigation and re-investigation of the generalities 
must be the business of an organization whose results are free to 


anyone, an organization supported on the basis of proper distribu- 


tion of costs among all the parties interested. 


133. To illustrate that individual effort is unlikely to shed 
real light on foundry problems, I shall cite the following cases. An 
investigator decides to find what temperature is best for the pour- 
ing of a given alloy. He makes up 12 standard test bar molds and 
bringing a sizable amount of the metal to a high temperature pours 
three molds at the highest reading of the pyrometer, three more 
about 50 degrees lower, three more 100 degrees lower, and the final 
three 150 degrees lower. Then he proceeds to test the bars, com- 
putes the arithmetical averages, draws a diagram, and pronto! the 
proper temperature point for the pouring of the alloy in question 
is determined. 


134. Another wants to find whether arsenic is deleterious to 
a given alloy. He proceeds in nearly the same way. He makes 
four or five charges with an increasing amount of arsenic in each. 
He pours the molds at the identical temperatures, pulls the test 
bars, averages the results, draws a diagram, and just as pronto he 
comes to the conclusion that up to a certain point arsenic is harm- 


less, ete., ete. 


135. Nothing is more erroneous than this procedure. It calls 
for closing our eyes and minds to the various ‘‘other’’ factors that 
were present but not accounted for. To find the true relationships 
one has to make hundreds of heats and cast a large number of test 
bars from each plus a large number of more intricate castings. Only 
then, could the investigator claim that im all probability the in- 
cidental influence of those ‘‘other’’ factors was balanced out and 
that he had obtained a true picture of the influence of the pouring 
temperature, of a given impurity, or of an intended addition. 


136. In other words, a mass production of research data is 
the only method by which the general processes can be made clear 
and freed of antiquated or ill-substantiated notions. This is what 
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science can do for the foundrymen and this is also where the foun- 


drvmen can advance metallurgical science. 


137. Here is a list of questions which such a research pro- 


gram ought to answer—clearly and completely : 


l There must be one inexpensive copper base alloy for 
general use in conditions where neither high pressure nor a 
continuous friction is encountered. Shall it be a bronze (in- 
cluding the three fives) or a brass? What is the most logical 


composition of it? 


2 There must be one or two different alloys that are 
likely to give the highest satisfaction when used for high 
pressure castings under general conditions (damp air, steam, 
water, saline solutions). These alloys must also be indicated 
clearly. 


3) There must be a leaded bronze most likely to stand 
up as a non-babbitted bearing or bushing material. This com- 
position must be determined and precise information obtained 
concerning the adjustments of the lead content to the more 


specific needs. 


138. The same procedure should be applied to other alloys 


as well. There is no good reason why one company should be using 


an aluminum bronze with 9 per cent aluminum plus 3 per cent 


iron and another 8 per cent aluminum plus the same amount of 
iron for identical jobs, or why one company should produce ship 
propellers of an alloy of 75,000 lb. per sq. in. strength while another 
goes to 88,000 Ib. per sq. in. For one or the other alloy must be 
better, while the price difference is negligible. 


139. This does not mean, of course, that a law should inhibit 
the customer from asking or the foundryman from offering any 
alloy which they may desire. But, our knowledge of good and not 
so good alloys must be standardized on the basis of a profound 
investigation. 


140. Further on, the problems of gas absorption and of inter- 
granular shrinkage have to be tackled in full. We must get a 
perfect knowledge regarding the nature of the absorbed gases and 
their amount. We must know how the latter changes in time and 


ee 


temperature and how the potent ‘‘deoxidizers’’ actually do their 


work. Guess-work and false notions that cover this field must go. 
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141. We do not pretend to offer here a complete program. It 

ir desire only to state emphatically that a vast program of mass 
research must be inaugurated if the foundry industry is to 
‘ogress rapidly and systematically, and not by the old processes 


f groping in the dark and **muddling through’’ which were used 


{000 vears ago. 


142. Furthermore, we shall add that there is no need of 
reating a permanent organization for such research. A permanent 
organization soon becomes lazy because it can afford to defer till 
tomorrow what it should do today. And it begins to consider itself 
the owner of the enterprize, having the right to see to it that the 


available cake shall last longer for the chosen few. 


143. This pitfall should be avoided too. The fundamental 
data upon which the foundries of tomorrow shall proceed with their 
individual work must be gathered and analyzed by a virile short 
term organization. A period of two years energetically invested 
should completely exhaust the problems existing. The ideal foundry 
is one that is run with so thorough a knowledge of the fundamentals, 


and so efficiently, that no testing of any kind becomes necessary. 


DISCUSSION 


Presiding: H. M. St. JOHN, Crane Company, Chicago. 

G. H. CLAMER—Listening to this paper I was particularly inter- 
ested in the last sentence, “The ideal foundry is one that is run with so 
thorough a knowledge of the fundamentals, and so efficiently, that no 
testing of any kind becomes necessary.” It seems to me if I were to 
criticize or discuss that particular sentence I would include in the same 
that the ideal foundry is one that is operated by the ideal human and 
with ideal raw materials. 


In Mr. O’Connor’s paper of yesterday I was particularly impressed 
in noting the many factors having an influence upon the production of 
castings and the great care that is necessary in watching each step 
involved. The thought came to me as I listened to that splendid paper 
that it would be a worthy undertaking for the AFA to compile a list of 
all the factors involved in the making of castings. I am not unmindful 
of the splendid work of the AFA in preparing its publication on foundry 
defects and I am merely proposing amplification thereof. Probably if 
we were to check all the factors mentioned by Mr. O’Connor in his 
paper, including the human factor, we might have a list of at least 
fifty. 


* President, Ajax Metal Company, Philadelphia, Pa. 
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Mr. Corson: Of course, I have to agree with Dr. Clamer when he 
says that my statement concerning the ideal foundry may be exagger- 
ated. All ideals are exaggerations that serve as conning towers along 
the road of progress. On the other hand, the ideal foundry is probably 
the most easily attainable goal among other technical ideals. Buying 
ingots from a reliable manufacturer, practically eliminates the need of 
worrying about the performance of the metal as such. 


The use of properly built furnaces manned by intelligent furnace- 
men not overburdened by too many units,—and I[ have seen cases where 
a practically illiterate young man was handling three revolving rever- 
beratories and five tilting crucibles at the same time, turning out terrible 
metal but very cheaply—is the second step. 


Finally, sand properly cared for and molding done under good 
supervision form the remaining desiderata that must go into the making 
of a foundry which might be ninety-five per cent ideal. In fact, it seems 
that Mr. O’Connor, who read his paper yesterday, came to the point 
where his foundry is closer to the ideal than the above figure implies. 
And, if Mr. O’Connor’s methods were properly recorded, studied and his 
molding logics adhered to by other foundrymen, another step toward the 
ideal might be on hand. 


L. W. Kempr?: I think Mr. Corson has done us a real service in 
attempting to reduce some of the mass of specific information on the 
making of castings to generalities. The sooner we can come to gener- 
alities the better able we will be to make intelligent selections and 
prophecies. Sometimes, however, the exceptions to the generalities are of 
paramount importance to the man who is planning to make money in 
the foundry business. 


During Mr. Corson’s presentation, I took occasion to look over the 
section of his paper on light alloys, since I am primarily interested in 
these materials. His generalities appear to be, in the main, correct. 
However, I thought it might be worth while to point out a few excep- 
tions because, as I said before, these exceptions frequently mean the 
difference between profit and loss. 


On page 62 the author states, “Iron, chromium and titanium tend 
to segregate badly and should not be present in amounts of more than 
0.5 per cent.” Most anyone who has been making aluminum castings 
for the trade at the lowest possible price to the user knows he can’t live 
up to this requirement. Iron generally in his castings will run higher 
than 0.5 per cent, not primarily because of the source of his metal but 
because he wants it higher for the improvement in casting character- 
istics. 


As a matter of fact, something over twenty years ago, when one of 
the most important problems before this country was the production of 
aluminum alloy castings for Liberty engines, a great number of cast- 


? Aluminum Research Laboratories, Aluminum Company of America, Cleveland, 0. 





os) 
ur 


USSION 


es were being scrapped in the foundry because of cracks. Also, a great 
ber of them were failing after relatively short service in the en- 


A very intensive and highly scientific bit of research definitely 
stablished the fact that iron content considerably in excess of 0.5 per 
cent gave not only a higher degree of toughness in the finished casting 
ut also gave freedom from casting cracks and | doubt if any producer 
of unheat-treated castings today, particularly from secondary alloys, 
runs his iron as low as 0.5 per cent. If it happened to get this low, he 
would probably bring the iron up to 0.75 or even 1.25 per cent. 


It is true chromium and titanium do tend to segregate, titanium 
much more than chromium. There is no occasion for running these ele- 
ments anywhere as near as high as 0.5 per cent. 


Mr. Corson finally narrows the field down to 4 alloys, 8 and 10 per 
cent copper and 5 and 10 per cent silicon. Of course, these could be 
narrowed down even further to 8 per cent copper, roughly speaking, and 
5 per cent silicon. Ten per cent silicon is practically unused commer- 
cially. The 10 per cent copper is used very little for castings from sec- 
yndary metal. It is used principally for permanent mold piston castings. 


On the other hand, this doesn’t give us an exact picture of the true 
set of conditions. There are a good many variations of these two funda- 
mental alloys and to dismiss the entire matter with the statement that 
the 8 per cent copper and the 5 per cent silicon are the only two common 
casting alloys is a little bit too wide a generalization. 


In the next paragraph Mr. Corson states, “Aluminum-copper- 
silicon alloys were bidding fair for a wide field of uses, but their ad- 
vantages are offset by the ‘complications’ arising from their use.” I am 
not certain what Mr. Corson means by “complications.” By far the 
greatest production in aluminum castings at the present is in A.F.A.* 
Aluminum Alloy B-13 which ordinarily contains about 7 per cent cop- 
per, 1 per cent iron, and 1.5 per cent silicon. The silicon is an impor- 
tant part of the alloy, as anyone can attest who has attempted to pro- 
duce leak-tight castings from straight 8 per cent copper alloy. 


Discussing the heat-treated alloys, Mr. Corson states that better 
results are obtained if they contain some magnesium. Magnesium is 
an important element in the heat-treatable aluminum-silicon alloys, but 
its presence is always accompanied by a decrease in ductility as com- 
pared with the magnesium-free alloy. It increases strength only. In 
the commercial heat-treated aluminum-copper alloy containing 4 per 
cent copper, the best combinations of strength and ductility are obtained 
in the absence of magnesium. 


Under magnesium alloys Mr. Corson states that “the binary mag- 


* A.F.A. Cast Metals Handbook, 1935. 
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nesium-aluminum alloys, for some reason, fall short of requirements and 
cther elements, including copper, manganese and zinc, are added to 
harden the casting by the methods of forming secondary constituents.” 
The binary or substantially the binary magnesium-aluminum alloys 
were used for quite a number of years. I say substantially binary be- 
cause they contained in addition to 7-8 per cent aluminum only a few 
tenths per cent manganese. Manganese is added to all magnesium 
alloys to improve corrosion resistance. Copper is practically never used 
as a constituent of an alloy with magnesium. It so decreases the cor- 
rosion resistance that it is of no practical use. I might state here that 
practically 80 to 90 per cent of all magnesium castings produced in this 
country are heat treated. The most common alloy contains about 6 
per cent of aluminum, about 3 per cent zinc, and 0.2 per cent manganese, 


I call attention to these exceptions to the generalizations not in any 
destructively critical attitude whatever. As I said, generalizations are 
very important and I know as well as any one present the difficulty of 
making a generalization to which there are no exceptions. I merely 
point out these exceptions as being important. They may mean a diff- 
erence between profit and loss. 


G. K. EGGLeston *: Mr. Corson had a very proper idea in mind 
when he suggested yellow brass to conserve our tin supply but we had 
an idea along that line to reduce our metal costs. We tried it. Mr. 
Corson suggested one per cent lead. We left it up to three per cent, 
somewhere in there. On account of what happened, I didn’t dare to go 
into the machine shop on account of the difficulties the boys had. When 
one speaks of easy machining in a jobbing shop and a high speed pro- 
duction job, it is highly different. As I recall, we had to cut our ma- 
chine rate in half to handle that brass in comparison with the red 
brass we had been using. 


CHAIRMAN ST. JOHN: I would like to add one remark to the early 
part of this discussion, the last sentence in Mr. Corson’s paper, to which 
I think Mr. Clamer very properly took exception. As in any broad and 
sweeping statement, there are many exceptions to it. However, there 
is also a distinct germ of truth in Mr. Corson’s statement in the sense 
that in any foundry during the time that standard procedures are being 
worked out, very frequent tests are necessary, tests on the quality of 
the metal produced, tests on the sand, tests on cores. These things 
must often be checked several times a day but as time goes on the neces- 
sity for frequency of tests becomes very much less. 


I think that Mr. Corson is quite correct in what he probably means 
to say, that when the foundry procedure has been thoroughly established 
and everyone concerned with it has become familiar with the proper 
methods of carrying out his own particular duties, then these routine 


8 Metallurgist, Detroit Lubricator Company, Detroit. 
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tests can be made less and less frequently. Some of them possibly, can 
e abandoned altogether except in the case of an emergency. This, of 
ourse, doesn’t apply to metal temperature testing. That can’t be de- 
creased. It doesn’t apply to testing of raw materials for the foundry 
which must be purchased to specifications. It doesn’t apply to tests 
which become necessary when emergencies arise in the foundry. But 
it is true that the frequency of tests necessary during the early stages 
in the improvement of foundry practice becomes less and less necessary 
as time goes on. I think Mr. Clamer will agree with that and I think 
t is worth emphasizing because some people might think these tests 
hould be continued as a matter of form and safety, far beyond the 
limit of true necessity. 


Mr. Corson: Mr. Kempf raised quite a number of points and J] 
shall reply to them in the following order: 


(1). Iron in aluminum alloys. It is most definitely established 
that iron is bad in all aluminum-silicon alloys. Just let them contain 
around one per cent iron and the big needles of the ternary constituent 
(iron-aluminum-silicon) will be clearly seen at quite a distance in all 
fractures. The strength of the metal will then drop dangerously. It will 
become porous and brittle. 


Perhaps iron is not so harmful in aluminum-copper alloys, but I 
certainly shall argue against the statement that it makes the No. 12 
alloy in its sand cast state more ductile. The latter never possesses an 
elongation above 2 per cent (a generous figure indeed), mostly 1 per 
cent, and with elongations so low the alloy should be considered as hav- 
ing practically no ductility. And if a few test bars containing iron 
happened to show 2 per cent elongation while control bars of a purer 
metal ran to 1.5 per cent elongation only, I should decline to be con- 
vineed. To be entitled to claim that iron increases the alloy’s ductility 
we ought to have 'records of a long series of tests where every iron 
containing bar exhibited a substantial and regular margin of elonga- 
tion. For example, a 4 per cent elongation in 100 test bars containing 
over 7 per cent iron, against 2 per cent in one hundred containing less 
than 0.5 per cent of it might form a convincing picture. In the absence 
of such records no claims of the kind should be made as it is not quite 
logical to expect iron to become a ductilizer by forming an additional 
amount of a brittle constituent between the grains or inside them. 


(2). The complications I mention regarding aluminum silicon, al- 
loys are of a commercial nature. Scrap of straight 5 per cent silicon 
castings as well as that of No. 12 can be sold to be turned into second- 
ary ingots. Scrap containing both copper and silicon cannot be so sold. 


(3). Regarding magnesium and my statement concerning copper 
in the composition of some magnesium alloys. Of course, copper ought 
not to form a desirable component, but the book Engineering Alloys by 
Woldman and Dornblatt (1936) lists copper in some of the compositions 
mentioned. My information on that point came from this book. 
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(4). Regarding some special foundry aluminum alloys derived 
from the existing ones and not mentioned in my list, I know well 
enough that a number of proprietary alloys were built up around the 
old No. 12 alloy for instance. Small amounts of cerium, lithium, titan- 
ium, and so forth, were claimed to give the proprietary products certain 
highly desirable characteristics. The effects of most of these additions 
were ascribed to their potency as “deoxidizers.’”’ Needless to say, alumi- 
num cannot be deoxidized nor does it need to be. No minor addition can 
successfully chase and destroy “films” of aluminum oxide on the metal’s 
surface. 


It is important to state further that in no case did the manufac- 
turers of castings from such proprietary alloys exhibit an imposing 
table of the characteristics of their alloys as obtained in comparative 
tests performed simultaneously on a large number of control test pieces 
free from the particular addition. And while I would not go on record 
as stating that no addition might ameliorate an aluminum base casting 
alloy (used as cast), I shall state emphatically that the results from 
the use of most of these represent mere “sales talk.” 








Plastic Cupola Patching 
By R. E. WiLKE,* WATERLOO, IowA 
Abstract 


This paper describes the method used successfully 
since 1928, in the foundry, with which the author is con- 
nected, for patching the cupola melting zone. A stiff 
mixture of fire-clay and sharp sand is used in place of the 
conventional brick or block, resulting in economies in both 
refractory and labor. 


INTRODUCTION 


1. The usual practice in replacing the refractory material 
in the melting zone of a cupola, which has been burned away dur- 
ing a heat, is to use fire brick, cupola block, firestone, plastics, or a 
combination of these refractories. Another method of patching 
the melting zone consists of replacing the original lining with a 
stiff mixture of silica sand and fire clay, prepared in a pug mill. 


2. After the slag and coke have been chipped out of the 
cupola, as shown in Fig. 1A the patching mud is applied by hand, 
starting at the tuyeres and working upward. Fig. 1B shows the 
melting zone partially patched, and Fig. 1C shows the complete 
patch after it has been allowed to dry. In Fig. 1D, the patch has 
been gone over to fill up the cracks and the well has been mudded. 
The cupola is ready to have the bottom doors raised and the sand 
bottom rammed in. 

3. When possible it is desirable to patch the cupola in this 
manner the day previous to use as the mud will check during dry- 
ing. Before raising the bottom doors and putting in the sand bot- 
tom, the mud patch is gone over and the cracks filled up. At the 
same time the blocks in the well are also covered with a thin layer 
of the patching material. 


* Foundry Metallurgist, John Deere Tractor Co. 
Nore: Presented at a session on Refractories at the 43rd Annual A. F. A. Con- 
vention, Cincinnati, Ohio, May 16, 19389. 


89 





90 


Fic. 1 
Have 
AFTER 





Been CHIPrep Our. 


PLASTIC CUPOLA PATCHING 


MELTING ZoNE AFTER SLAG AND COKE 
PARTIALLY PatcHep. (C) Compete PatcH 


Been Gone Over To Fi IN 


BEEN MUDDED. 















E. WILKE 


ht 


MATERIALS USED 


4. A white silica sand and a fireclay both having a high 
fusion point are used to make up the patching material. The sand 
ised is approximately 50 mesh and the fireclay, 10 to 12 mesh. 


MIXING 


5. Some type of a pug mill is recommended for properly mix- 
ing the sand, clay and water. Hand mixing will not give satis- 
factory results. Fig. 2 shows the type of pug mill used to mix and 
temper the patching material. 


6. The sand and elay are shoveled into the mixer in the 
proportions used, approximately three shovels of sand to two of 
clay. Water is added continuously during the mixing. The mud 
is checked by ‘‘feel’’ as it comes out of the mixer for the proper 
consistency. Fireclay that is too fine will require more sand, more 
water and more intensive mixing. Too much clay will result in 
excessive cracking, spaliing and is less refractory. Too much sand 
in the mix usually causes difficulty in getting the patching material 
to stick to the lining. The patching mud prepared in this ratio and 
properly tempered so that it will have the necessary ‘‘stickiness’’ 
and still not be too stiff to work, will have approximately 14 to 


15 per cent moisture. 





Fic. 2—Puc Miu. Usep tro Mix ann TEMPER THE PaTCHING MATERIAL. 
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PATCHING THE MELTING ZONE 
7. After the mud has been prepared, it may be used at onee, 
as apparently no benefit is derived from allowing the mud to set, 
| Two men, working from a ‘‘mud’’ board 2 ft. wide, which is in- 
serted between the edges of the bottom doors and the bull ring, 
1 apply the patch to the melting zone. A third man wheels the mud 
le: and throws it up on the mud board. 
It 8. Fig. 3 shows the lining used in the Whiting No. 10 cupola 
a} (96 in. shell) and the area to which the mud is applied. A layer 
Fy of mud is applied to the new lining and after each heat the re- 
: fractory burned away is replaced so that the original inside di- ; 
f ameter is restored with the mud patch. This type of patch may be 
af applied up to a thickness of 4 to 5 in. but if the lining is burned 
a, away to a greater extent, 1 in. split brick or 9 in. straights are 
+; embedded in the mud against the old lining. 


9. Mud correctly mixed and applied will not slide off before 
drying. If the cupola lining is hot enough to cause steam to be 
formed when the mud is applied it must first be cooled by spraying 





iA with water as the patch will not stick if the lining is too hot. In 
ae chipping out the cupola, it is desirable to leave a rough surface to 


which to apply the patching material. 
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si 10. The melting zone of the cupola shown in Fig. 1A shows 
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after 1200 ton had been melted. No brick or block were used in 
the melting zone for patching during this time, the stiff mud alone 
being used to restore the lining to its original thickness. This par- 
ticular cupola melted 130 to 150 tons in 7 and 8 hr. heats using a 
blast pressure of 16 to 20 oz. 


11. The maximum heat taken from a cupola with this type 
of patehing was 335 tons in 17.5 hr. with a blast pressure of 20 to 
24 oz. Metal temperature at the spout ranges from 2820 to 2840°F. 
The longer heats with higher blast pressures are much more severe 
on linings regardless of the type of refractory used. 


Cost oF PATCHING 

12. One ton of the prepared patching mixture having a ratio 
of 60 parts of sand to 40 parts of clay with the labor for mixing 
will cost approximately $4.00. The cupola completely patched as 
shown in Fig. 1D, will require from 2500 to 3000 Ib. of the patch- 
ing material at a cost of 5 to $6. Cost of the mud will vary depend- 
ing on the geographical location of the particular foundry and the 
availability of sand and fireclay. When a good sharp sand is not 
close at hand, it may be more economical to reduce the ratio of 
sand to clay and use approximately a 50-50 mix, providing satis- 
factory refractoriness and service is obtained. 


13. The economy resulting from this type of lining is due 
not only to the fact that a given amount of this refractory is much 
cheaper than an equal amount of other refractory but also due 
to the low labor cost of installation. Table 1 shows the time re- 
quired for the various operations in patching the melting zone and 
preparing the cupola for the next heat. 


Table 1 


TIME REQUIRED FOR PREPARING A CUPOLA FOR THE NEXT HEAT 
Chip out slag and coke —1 man — 20 to 40 min. 
Patch melting zone — 2 men — 45 min. 

Mud well and fill cracks — 1 man — 20 min. 
Put in slag hole— 1 man— 30 min. 


Rerractory Cost 


14. A complete record of all sharp sand and fireclay for 
patching, and all block, brick, ete. for spouts, patching and relining 
used over a period during which over 66,000 tons of iron were 
melted, showed a refractory cost of $12.72 per 100 tons of melt. 
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DISCUSSION 
Presiding: E. J. CARmMopy, C. C. Kawin Company, Chicago, IIl. 


CHAIRMAN CARMODY: Mr. Wilke, if you had used a finer mesh 
clay, could less clay be used with less cracking? 

Mr. WILKE: That might be possible, except when one uses a finer 
mesh clay he has a great deal more trouble mixing it. It would be 
harder to mix. Probably instead of one mixing, as we are doing now, 


it might mean a remixing. That has been our experience on finer clay 


CHAIRMAN CARMODY: How much finer clay did you use? Did you 
get as low as 100 mesh? 


Mr. WILKE: I can not say how fine it was, it was just the normal 
variation from one car of fire clay to another. If the clay runs finer, 
it requires a little better mixing than when coarser clay is used. 


CHAIRMAN CARMODY: I have used a finer clay. You can use less 
of it, and the less clay used the fewer cracks that will appear on 
drying. 


MEMBER: Is there any advantage in using a pug mill rather than 
a muller type mixer? 


Mr. WILKE: We have never tried out a muller. We have thought 
about it. In answering your question, I might tell you a little about 
i the history of the development of the use of this lining. This happened 
before my time but I am told that originally when they tried to use this 
lining, they tried to mix it in a mortar box with a hoe, and it didn’t 
work out very well. Then they thought that a little more intensive 
mixing would help them. So they mixed it in a box, like in the original 
method, but they put two or three men in there with rubber boots to 
give it kind of a kneading and mixing action, which did help it. Then 
they went to the use of the pug mill, which really did the work as far 
ta! as mixing is concerned. I believe that a muller probably would do a 
yy better job of mixing, but it would cost more for labor because I doubt 

whether one could get the mixed material out of the discharge door. 
You would probably have to mix it in the muller and then shovel it out. 








t, C. E. BALEs:! This muller method of mixing would give a much 

better mud and it would be much easier to mix than in the pug mill. 

If you have a high percentage of non-plastic material, such as sand. 

it is almost impossible to get a good, thorough mix in a machine of 

the pug mill type. That type of mud should easily drop out of the 

bottom of the usual type foundry muller. We do it regularly on differ- 

ent types of plastic mixes. In that way it would be cheaper to mix and 

it should be a more effective mix. I would like to ask Mr. Wilke where 
he obtains the clay, and the sand he uses. 


1 Ironton Firebrick Co., Ironton, Ohio 



































SCUSSION 


Mr. WILKE: We use a northern Illinois clay, and the sand comes 
om northeastern Iowa. I think it is from a vein of the St. Peter 


sandstone. 


Mr. BALES: The author’s cost figures on the materials shipped to 
his plant look very low. In other words, he has a freight item in there 
that would amount to quite a bit. Then the materials probably cost a 
couple of dollars a ton anyway, plus the freight, plus mixing. The $4.00 
seem a little too low to me. 


As I see it, there is one big disadvantage to this type of material 
as compared to cupola block, and that is, you must have plenty of 
cupola capacity. As Mr. Wilke mentioned, he prefers to line the cupola 
up the day before so it will be thoroughly dried out before it is put 
into service. In the automobile shops around Detroit, they have to get 
n the cupola at night, cool down the lining, tear out part of it, reline 

and have the cupola in service the next morning. With this mud 
lining, with all the water that is in it, if one were to put the blast on 
when it is still wet, the steam would blow out the lining. I believe Mr. 
Vilke did mention he had tried it and it worked all right, but I’ll say 
that was an unusual case. 


Mr. WILKE: There have been occasions where we have had to use 
the cupola the next day. We have four of the Whiting No. 10 cupolas, 
and we use twe each day, alternating them. In that way we have an 
excellent opportunity of patching them on alternate days. But on sev- 
eral occasions we have had to use that same cupola on the following 
day and have done so very successfully. ; 


CHAIRMAN CARMODY: Regarding the muller type mixer, I visited 
one foundry using this type of material to line their cupola. They were 
using a muller with a bottom discharge. In this case they allowed the 
material to set 24 hours. They covered it with wet bags for this period 
before using it in the cupola. They did not use sharp sand; they were 
using ordinary lake sand. And so far as they could determine, they 
were getting as good service from the lake sand as they had obtained 
with the sharp sand. In that particular shop the material appeared to 
get plastic during the operations. When the cupola bottom is dropped 
one can see the coke actually imbedded in the lining. I wondered if 
you had noticed that, Mr. Wilke? 


Mr. WiLKE: We run up to as high as 330 tons to a heat over 
stretches of 16 and 17 hours, and occasionally have to use a fairly high 
blast along the latter part of the heat, although we would prefer not 
to, so I think it is reasonable to expect that lining does get more or less 
plastic. But the chances are that a lake sand would have more tend- 
ency to do that than a white silica sand. 


MEMBER: How much steel scrap is contained in the melt in this 
particular cupola? What is the total carbon in the iron melted, and 
also how uniform is the carbon? 
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Mr. WILKE: We use 10 per cent in our particular mix. We attempt 
to run about 3.25 total carbon. Of course uniformity of composition 
depends upon a lot of variables. 


MEMBER: Can the author state positively whether or not the re- 
fractory contributes to the metallurgical efficiency or whether there is 
a decrease in efficiency in cupola operation? For several years I have 
used refractories other than fire brick, and [ am satisfied myself per- 
sonally that I am on the right track. But I may be wrong. 


Mr. WILKE: If the type of lining used interferes with the normal 
operation in any way, it might change the ultimate composition of the 
iron. Now so far as the effect of the composition of the lining itself, 
what effect that would have on the composition of your iron, I wouldn’t 
attempt to answer that. 


CHAIRMAN CARMODY: Is there anyone who cares to help out with 
information on their various types of linings, and whether they have 
any effect on the composition of the iron? That is, so far as the chem- 
ical composition is concerned, whether you have a pick-up from refrac- 
tory materials. It is my belief, if you have good cupola operation you 
will not experience a pick-up or contamination from any of the com- 
mon lining materials you might use. But then when one gets to defining 
good cupola operation that varies over a wide range according to the 
type of iron you are making. 


MEMBER: My contention is that your cupola operation has more 
effect on the physical characteristics of the metal than any variation, 
that is, any slight variation, in the chemical analysis of the metal. 

































The Properties of Resin Bonded Cores 


By EMILE PRAGorr, JR.,* WILMINGTON, DEL. 


Abstract 


Selecting a high melting point pine wood resin as 
typical of the improved resinous core binders now on the 
market, the author presents a series of studies on the 
more important properties of resin bonded cores and how 
these may be produced, varied and controlled in actual 
practice by an intelligent use of resinous binders. 

The results obtained show that resinous binders in- 
crease in effectiveness the finer they are ground and, that, 
with proper mixing and baking at temperatures ranging 
from 300-500°F., strength and core hardness may be varied 
at will by regulating the binder concentration and mois- 
ture content of the core mix and the length of bake of the 
cores, Resinous binders are compatible with all of the 
commonly used binders and are particularly adaptable 
for use with sands of high clay content or with reclaimed 
sands. Even when mixed with moisture absorbing binders, 
cores bonded with resinous binders exhibit unusual resis- 
tance to loss of strength on storage. 

A method for producing and testing one inch cubical 
core specimens by means of specially designed attach- 
ments to be applied to standard apparatus is described. 

Graphs presenting the data are appended as well as 
photographs of the special testing equipment. 


INTRODUCTION 


1. Cores for foundry use are made today with a wide variety 
of binding materials. Linseed and other vegetable drying oils, 
core oils, cereals, resins, pitches, clays, and sulfite cellulose waste 
liquor find use in all types of foundries. The intelligent and eco- 
nomical use of these binders requires a knowledge of the factors 


* Hercules Powder Company. 
Norte: This paper was presented at a session on Sand Research at the 43rd Annual 
F. A. Convention, Cincinnati, Ohio, May 17, 1989. 
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affecting their efficiency. Many investigators have studied the 
action of such materials as linseed oil,‘! and core oils 2,%, 4. Cores 
bonded with resins require different technique in preparation and 
show somewhat different properties. The purpose of this study is 
to show the effect of different factors on the properties of resin 


bonded cores, 


WHat ARE Resins? 
2. To the practical foundryman the term ‘‘resin’’ will at 
once suggest rosin, a common constituent of core oils, and oe- 
easionally used itself in making a soft core. Resins are defined as 
amorphous vegetable products of secretion or disintegration, 
usually formed in special cavities of plants. The coniferous resins, 
or those obtained from the pine trees, are the most abundant resins 
occurring in this country. They are readily obtained by either of 
two methods. Over three hundred years ago the early settlers be- 
gan to cut slashes in the pine trees in the South. The gum which 
flowed out was distilled to obtain turpentine and rosin. In 1910 
H. T. Yaryan developed a process by which he produced rosin 
from the stumps of pine trees from the cut-over lands in Georgia 
and Mississippi. He found that by shredding pine stump wood, 
then extracting with gasoline and steam, he could obtain a slightly 
different resin and turpentine. This resin was called wood rosin, 
while the one obtained from the living tree was called gum rosin. 
These two rosins became known to foundrymen because of their 
wide use in core oil and to a lesser extent as dry binders. More 
recently there has been made available for use in foundries a new 
pine wood resin differing from either of these rosins. It has a 
higher fusion point than rosin, is almost entirely insoluble in 
gasoline and has the advantage over rosin in that it can be pul- 
verized and stored without melting together to form lumps. It is 
thermoplastic or softens and flows on heating. This new resin has 
been widely used by foundries during the past four years as a dry 
binder. A study of its action under different conditions is given 


to represent the resin binders as a class. 


Factors AFFECTING CORE PROPERTIES 


3. Of the many factors affecting core properties, the follow- 
ing were studied : 


+ Superior numbers refer to Bibliography item numbers at end of this paper. 
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1 Binder concentration. 


(2) Degree of fineness of binder. 


(3) Baking conditions—temperature and time. 

4 Moisture content of core mix. 

(5) Mixing conditions. 

(6 Addition of siliea flour. 

(7 Effect of other binders, such as cereals, oil, ete. 
8 Effect of reclaimed sand. 

(9 Storage of baked cores prior to use. 


4. In studying each of these factors we have endeavored to 
control the others closely, varying the conditions one at a time to 
observe the effect upon: 

(a) Green compression strength. 


(b) Green and dry permeability. 


ec) Dry tensile strength. 
d) Dry transverse strength. 
(e Hardness. 


TESTING PROCEDURE 
5. A test procedure was worked out which was adapted to 
the laboratory equipment used in the investigation. It deviates 
only slightly from the tentative standard procedure of the A.F.A. 
Subcommittee on core tests.** 


6. In making core tests the following procedure was em- 
ployed: 3,000 grams of air-dried sand was placed in a laboratory 
size muller type mixer. Dry binders were weighed into a tared 
beaker and added to the dry sand. Two minutes dry mixing was 
found to be sufficient with the sands used. Tempering water was 
then added and mixing continued for 3 min. A total mixing time 
of 5 min. was established for use in all tests. After*«mixing, the 
core mix was discharged from the mixer into a 2-gal. pail fitted 
with a friction top. Moisture determinations were made upon a 
portion of the mix using the Dietert moisture teller. 


7. The test core specimens were rammed with a standard 
rammer, using suitable rammer heads to prepare six tensile, three 
transverse and four compression core specimens. 


** Testing and Grading Foundry Sands and Clays, 4th Edition, 1938. 
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8 When this research was begun, there existed no instru. 
ment capable of measuring compression strength up to 1,000 Ib 
per sq. in. which was approved by the A.F.A. Committee on Foun- 
dry Sand Research. The Dietert Universal sand strength machine 
is designed to measure compression strength only up to 300 lb. 
per sq. in. We found that by using a 1-in. cube specimen instead 
of the 2-in. cylindrical specimen we could increase the effective 
load on the specimen. Since the surface of the 2-in. cylinder was 
3.1416 sq. in. and that of a 1-in. cube was 1.0 sq. in., we have in- 
ereased the range from 300 to 300 x 3.14 or 942 lb. per sq. in. 


9. The 1-in. cube specimens were prepared by weighing ap- 
proximately 28 grams of core mix into the special core box as- 
sembly shown in Fig. 1, and ramming with three blows of the 
standard rammer. After baking, the specimens were broken on 
the Dietert sand strength machine, adapted as shown in Fig. 2. 
To do this we made two brass dises 2 in. in diameter and 0.5 in. 
thick to hold the specimens. To these were fastened supports in 
such a way that the specimen was held firmly with the center of 
the l-in. core at the center of the 2-in. specimen holder. This 
proceedure worked out nicely and we obtained good breaks on all 
specimens as shown by the pyramidal shape of the upper and lower 
halves of the broken specimens. Good reproductibility of results 


was obtained. 





Fic. 1—SAND RAMMER AND ONE INCH CUBE BOX ASSEMBLY. 
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Fic, 2—SAND STRENGTH MACHINE ADAPTED FOR MEASURING DRY COMPRESSION STRENGTH OF 
ONE INCH CORE SPECIMENS, 


10. Cores were baked under the desired conditions of tem- 
perature and time in an electrically heated and controlled oven. 
This oven, which was made by Young Brothers Company, Detroit, 
Michigan, was not equipped with the customary air blower and 
rotating shelf of the A.F.A. standard oven, but was found to give 
reproducible results consistent with those obtainable in the foun- 
dry. After baking, cores were allowed to cool for one hour and 
then broken in the usual fashion on a Dietert Universal sand ‘ 
strength machine. Where the individual specimens differed by ° 
more than 15 per cent from the average of a series, the results 
were considered not sufficiently accurate and a new core mix was 
prepared and baked. The large number of tests made obviated the 
possibility of using the A.F.A. 50 to 70 standard sand throughout. 
It was used only in the tests on storage of baked cores. In all 
other tests the sand used was a New Jersey No. 80 dry silica sand 
furnished by the Dodge Steel Company of Philadelphia, Pennsyl- 
vania. The characteristics of this sand are illustrated in Table 1. 
It is a subangular sand of 71 fineness number, used widely in core 
work in Eastern foundries. The reclaimed sand used in one series 
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of tests was obtained from a large steel foundry and is considered 
representative. The screen analyses of these sands are in Table 1 


Table 1 
New Jersey Reclaimed 

Sieve Silica Sand 
me ee —~—~—CéS «age Sgn amen 

a we 00—CiC—FE ag 0.5 
or i 8 =—s - saeatg 2.9 
ee ee 9.6 
40 Trace 19.8 
50 5.9 23.3 
70 34.3 18.3 
100 35.3 9.1 
140 18.2 4.1 
200 5.6 7 
270 0.5 0.3 
Pan Trace 1.6 
Por tent Clay t—i“(i‘it 8.2 
Total 99.8 99.3 

Fineness No. 71 51 


MATERIALS UsED 
11. The pine wood resin used in this investigation was taken 
from a bag representing material as used commercially. The speci- 
fications on this material were as follows: 
100 per cent passing 30 mesh 
90 per cent passing 80 mesh 
60-80 per cent passing 200 mesh 
Unless otherwise specified, it is this resin that is referred to when- 
ever the word resin is used in this text. 


EFFECT OF BINDER CONCENTRATION ON CORE PROPERTIES 

12. The effect of concentration of binder in a resin bonded 
eore is illustrated in Fig. 3. The hardness increases in a straight 
line function, while tensile strength and compression strength in- 
crease in parabolic function. The permeability of a core is af- 
fected very little by the concentration of resin binder. This curve 
is definitely in line with the findings of other investigators who 
have studied linseed oil and core oils. The data in Fig. 3 indicate 
that a wide range of core strengths and hardness may be obtained 
by the use of resin binders. 
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resin was pulverized, screened and separated into various fractions 
which were used in preparing a series of cores. The pulverized 
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Table 2 
Passing Held on 
Number Mesh Mesh Mesh 
l 30 30 50 
2 50 50 70 
3 70 70 100 
4 100 100 140 
5 140 140 200 
6 200 200 270 
7 270 270 Pan 
8 100+ 100 


in the following core mix: 
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1G. 8—EFFECT OF BINDER CONCENTRATION ON PROPERTIES OF RESIN BONDED CORES. 


EFFECT OF FINENESS OF BINDER 


13. In order to establish the optimum fineness to which a resin 
ild be pulverized, a series of tests was made in which the solid \ 


erial so prepared was separated into the following fractions 
vn in Table 2. 


14. These fractions were tested for efficiency as core binders 


New Jersey Silica Sand............3000 grams 
eee 67 grams 
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Fic. 4—-EFFECT OF FINENESS OF BINDER ON PROPERTIES OF RESIN BONDED CORES. 


15. Fig. 4 gives data on the core properties obtained with 
the various fractions. From visual examination of the baked cores, 
it was apparent that the coarser fractions, numbers 1 and 2 of 
Table 2, gave mottled cores in which particles of baked binder stood 
out clearly against the lighter colored sand. Tensile strength rises 
steadily from 31 lb. per sq. in. using 30 mesh binder to 46 Ib. per 
sq. in. using 270 mesh material. Transverse strength is similarly 
affected. Dry compression strength reaches its maximum at 270 
mesh. Green bond is also best in the finer fractions. Green per- 
meability drops only slightly in the finer fractions, being regulated 
by the sand fineness. Dry permeability is similarly affected. Hard- 
ness is fairly constant at 65, except with the coarser fractions. 


EFFECT OF BAKING CONDITIONS 

Baking Temperature 

16. Fig. 5 shows the effect of baking temperature on dry 
compression strength of resin bonded cores. A baking time of 1 hr. 
was used and the temperature was varied from 300-600°F. The 
compression strength rises as the baking temperature is increased, 
reaching a maximum at 500°F. and dropping rapidly thereafter. 
It is probable, that the bond developed by the resin is completely 
destroyed at temperatures above 700°F. From our observations, 
we have learned that resin bonded cores develop strength in an 
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Fic. 5—EFrECT OF BAKING TEMPERATURE ON DRY COMPRESSION STRENGTH OF RESIN 
BONDED CORES. 


entirely different manner from oil bonded cores. Resin bonded 
cores do not require the presence of atmospheric oxygen during 


baking. The stages which we would find in the baking of a resin 


bonded core would be as follows: 


(1) The evaporation of moisture from the core. 


- 


would cause the binder to melt and flow between the grains. 


(2) A gradual rise in temperature of the core which 


(3) The rising temperature would drive off from the 
resin volatile material and the resin would harden. Thus, we 
can understand the reason for higher compression strength as 
the temperature increases up to 500°F. 


17. In the baking of an oil bonded core, we have similar 
Stages where the moisture is first driven off. Next the temperature 
of the core is raised, and volatile matter is driven out of the binder. 
Finally, we have a rapid development of bond in the core which 
is caused by the oxidation or polymerization of the oil. The in- 
creased demand for speed in core baking indicates 4 more ex- 
tended use of resin binders. Our laboratory observations on the 
baking of resin bonded cores have been proved true in the foun- 
dry. Many foundries prefer baking conditions of 34 hr. at 450°F. 
per in. of core thickness. An advantage of baking at the maximum 
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Fic. 6—-Errect OF BAKING TIME AT VARIOUS TEMPERATURES ON DRY COMPRESSION STRENGTH 
OF RESIN BONDED CORES. 


practical temperature would be that the cores would show less gas 
when burning out than those cores which had been baked at 350°F. 


Baking Time 
18. F 


bonded cores are not extremely sensitive to extended baking pe- 


g. 6 shows the effect of baking time. We see that resin 


riods and cores of good compression strength may be obtained by 
baking from 30 to 90 min. at 400 or 450°F. At 500°F., the curve 
reaches a peak in 45 min. and declines gradually thereafter. These 
data were determined on a core mix containing 6 per cent moisture. 
We will next show what happens when the moisture content is 


varied. 


Errect oF MoIsturE CONTENT 
19. Fig. 7 gives data showing the effect of moisture content 
on core properties of resin bonded cores baked 45 min. at 450°F. 
As the moisture content of the mix is increased, the compression 
strength and hardness improves, leveling off above 6 per cent. On 
the other hand, tensile strength drops rapidly between 3 and 6 
per cent and levels off thereafter. Transverse strength reaches a 


maximum at 6 per cent. These data show interesting contrast to 
the data presented by Dietert on the effect of moisture in oil-sand 
cores. One explanation of the improved compression strength is 
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Fic, 7—-EFFECT OF MOISTURE CONTENT ON THE PROPERTIES OF RESIN BONDED CORES. 


that the higher moisture reduces the effective baking time at the 
maximum temperature. 


20. Since compression strength and hardness are more de- 
pendent upon the surface condition of the core, we naturally ex- 
pect these properties to be more affected by moisture than tensile 
and transverse strengths. These latter properties are more depend- 
ent upon the conditions existing in the interior of the core. There 
is the other possibility of partial migration of resin binder to the 
surface of the core. Results obtained in daily use show that this 
supposed migration does not result in cores having soft centers. 
These data indicate the necessity of close control of moisture con- 
tent in core mixes. 


Errect oF MIxInG CoNnpDITIONS 

21. The effective use of any binder requires a knowledge of 

the preferred mixing practice. We have seen arguments pro and 
con on the question of how oil-sand mixes should be prepared. In 
our tests, the resin binder was added to the dry sand and mixed 
dry for 2 min. The tempering water was then added and the wet 
mixing of an additional 3 min. followed. A total mixing time of 
) min. was shown to be optimum for the laboratory size muller 
type mixer. A longer mixing period than 5 min. had the tendency 
to dry out the mix. As we have just shown, a lower moisture con- 
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tent will give lower strength cores. In order to answer any ques. 
tions which might arise, the practice of adding resin binders to 
wet sand has been studied and we find that when the sand is not 
too wet, there is no mixing problem. Usually, slightly lower 
strengths will be obtained when it is necessary to add resin binder 


to wet sand. 


EFFECT OF STORAGE OF BAKED CORES 


22. Some foundries find it necessary to prepare their cores 
in advance and to store them for several days prior to use. Under 
such conditions, especially in humid weather, it is desirabe to 
select core making materials such that the cores will not lose 
strength on storage. One of the inherent natural properties of 
resin binders is that they are not water absorbent. Hence, cores 
prepared from them do not become weaker on storage. Table 3 
shows that a set of cores prepared from silica sand bonded with 
resin maintained the same core strength over a storage period of 
30 days. The initial compression strength of these cores was 400 |b. 
per sq. in. Twenty-four hours later cores from the same set showed 
422 lb. per sq. in. After intervals of 7, 15 and 30 days, we find the 
strength and hardness relatively unchanged. 


Table 3 


EFFECT OF STORAGE ON STRENGTH OF RESIN BONDED CORES 





Storage Time ....... 1Hr. 24Hrs. 24Hrs.* 7 Days 15 Days 30 Days 
Tensile Strength 

(Ib. per sq. in.).... 36 36 33 36 36 37 
Compression Strength 

(lb. per sq. in.).... 400 422 404 432 434 432 
Pere 65 65 65 65 65 65 
2) |. Serre Silica Sand—15 qts., Resin Binder—1 qt., Moisture— 


6 per cent—Baked % hr. at 400°F. 


* Denotes properties after storage in sealed container at 100 per cent relative 
humidity. All other cores were allowed to stand under normal atmospheric conditions 
In the tests, 24 cores were prepared and 4 were broken at each interval. 


A COMPARISON OF SEVERAL RESINS 


23. In order to show the difference between the improved 
pine wood resin binders of today and the rosins which have been 
used for so many years, the data in Table 4 have been obtained. 
Here are shown the data on the compression strength obtained with 
three representative types of coniferous resins and the pine wood 
resin used in this investigation. 
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Table 4 
COMPARATIVE DATA ON CONIFEROUS RESINS 
High 
Melting 
Pine 
No.1 No. 2 No. 3 Wood 
Rosin Rosin Rosin Resin 
ee eee Tee | 1.1 1.05 1.05 
Green Permeability ....... 90.0 90.0 95.0 90.0 
Dry Permeability ......... 160.0 180.0 170.0 170.0 
Dry Tensile Strength 
(a es SS eer 28.0 28.0 29.0 36.0 
Dry Transverse Strength 
‘2  * eee 10.5 15.0 12.5 17.0 
Dry Compression Strength 
(oe a 4 oe 194.0 208.0 273.0 446.0 
ie os sienna oaks 9 55.0 60.0 60.0 65.0 
Cone Mak...... Silica Sand—15 qts., Pulverized Resin—1 qt., Water 


—6 per cent—Baked % hr. at 400°F. 


Errect OF DIFFERENT SANDS 

24. Resin bonded cores are made today with a wide variety 
of core sands. When they are made with washed silica sands, it is 
common practice, especially in steel foundries, to add small 
amounts of fireclays, bentonite, or cereals since these materials 
assist in the preparation of a better core. Natural bonded sands 
are used effectively with resin binders. It is interesting to note 
that core sand mixes containing clay do not absorb resin binders 
in the same fashion that they would oil binders. We have not 
endeavored to show the effect of sand fineness upon the properties 
of resin bonded cores but would expect it to follow more or less 
the same line as with other binders. Probably there is an optimum 
sand fineness which would show the greatest compression strength 
and then as the fineness increased, the strength would be lowered. 


EFFrect OF RECLAIMED SANDS 

25. Resin binders are particularly adapted to use with re- 
claimed sand. Many large steel foundries find it both economically 
practical and highly desirable to use their reclaimed sand in core 
mixes. When mixtures of new and reclaimed sand are bonded with 
a resin binder, they produce strong, hard but readily collapsible 
cores. In Fig. 8 are given the data showing the effect of reclaimed 
sand. Starting with 100 per cent silica sand, we have replaced 
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20, 40, 60, 80 and 100 per cent with reclaimed sand. Keeping the 
binder ratio constant and using a moisture content of 6 per cent, 
we find the presence of reclaimed sand has increased compression 
strength, both green and dry, and hardness, without too seriously 
reducing the permeability. Tensile strength is not particularly 
affected by the presence of reclaimed sand. (See Fig. 12 in 


Addenda 
Errect oF ADDED MATERIALS 


26. In preparing cores having definite desired properties, 
resin binders may be used in combination with other common in- 
gredients of core mixes such as silica flour, fireclays, bentonite, 
eereal binders, linseed oil and core oils. In Fig. 9 the effect of 
siliea flour is illustrated. Starting with no silica flour and adding 
5, 10 and 15 per cent, we obtained a marked increase in compres- 
sion strength and hardness and a marked reduction in permeability. 
Tensile strength was affected very little. The collapsibility of such 
cores would undoubtedly be affected. The less open cores con- 
taining silica flour should collapse less readily because of their 
lower permeability. The resin would break down readily from the 
heat during pouring, but the silica would resist to some degree 
the contraction of the metal. 


27. The presence of bentonite and fireclays increases the 


al. 


efficiency of resin binders as mentioned previously. When we 
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EFFECT OF SILICA FLOUR, 


added clay to resin bonded core mixes, we obtained improved com- 
pression strength and hardness, better green bond, and only slightly 


lower permeability. 


28. The cereal binders, particularly those which are derived 
from gelatinized starches are widely used in core mixes for two 
purposes; first, to produce green bond and second, to give some 
dry bond. Since the resins are not water soluble, their effect as 
green bond producers might seem to be an anomaly. In Fig. 10, it 
will be seen that resins do produce appreciable green compression 
strength. In this, they are not as much affected by moisture con- 
tent as are cereals and clays. Resins work well in combination 
with cereals and Fig. 10 shows that a mixture of the two gives 
considerably better dry compression strength than either alone. 
This fact has already been the means of considerable savings to 
foundrymen. Resin binders, by virtue of their moisture resistance, 
are valuable for use in improving the moisture resistance of cereal 
bonded cores. 


29. Linseed oil alone or in core oils is probably the most 
widely used core binder. Resin binders can be used effectively and 
economically in conjunction with drying oils. The resin and oil on 
heating together develop a stronger bond which apparently is 
developed more rapidly in baking. 
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THE REPRODUCIBILITY OF RESULTS 

30. Since we are obliged to use a test procedure which dif- 
fered from the A.F.A. standard, the question naturally arises re- 
garding the agreement between results obtained using a one inch 
cube specimen and a two inch cylindrical specimen. In Table 5 
we have presented data obtained on five core mixes tested follow- 
ing each procedure. A mix was selected which would give a dry 
compression strength below 300 lb. per sq. in. The respective core 
specimens were baked under identical conditions. The data in this 
table are the averages of four determinations on each type of 
specimen. Using a 1 in. cube specimen, we obtained a dry com- 
pression strength of 249 lb. per sq. in. as compared to an average of 
260 lb. per sq. in. for the 2 in. cylinder. Thus, a difference of 
11 lb. per sq. in. or about 4 per cent. The individual sets deviate 
from the average very little, indicating good reproducibility of 
results. 

Table 5 

COMPARATIVE DATA ON Dry COMPRESSION STRENGTH OF CORES 

OBTAINED WitH Two INcH CYLINDRICAL AND ONE INCH 

CusBE SPECIMENS. 


1 2 3 4 5 Average 
2 in. Cylinder ........ 263 264 264 242 27 260 
2 SO oc ee cees 259 229 265 254 238 249 
Core Mix...... Sand—100 qts., Resin Binder—4 qts., Bentonite— 


1 qt., Water—6 per cent—Baked % hr. at 450°F. 
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31. The deviation of the average results using 1 in. cube from 
he results by the standard A.F.A. method is only 4.4 per cent. 
The mean variation of any set of data from the average for that 
method is small, about 2.5 per cent for the 2 in. cylinder and 5.0 
er cent for the 1 in. cube. 


CONCLUSIONS 


32. The conclusions of our experiments on cores bonded with 
high melting point pine wood resin are as follows: 

(1) Resin bonded cores require different treatment in prepa- 
ration and possess unusual properties of value to foundrymen. 

2) The concentration of resin binders in the core mix 
determines the strength and hardness which will be obtained. 


7] 


3) The degree of fineness of a resin binder affects its 
efficiency as a binder. 

(4) Resin bonded cores may be baked satisfactorily at tem- 
peratures from 300-500°F. 


5) Resin bonded cores may be baked for various periods 
from 30 to 90 min. per in. of core thickness without serious loss 
of strength. 


(6) Resin bonded cores possess extremely high collapsibility. 
This is illustrated by their breakdown above 600°F. Resin bonded 
cores are particularly adapted to use in the production of high 
shrinkage castings. 

(7) In resin bonded cores, increasing the moisture up to 
6 per cent or 7 per cent improves the compression strength and 
hardness. Tensile strength is differently affected, decreasing as 
the moisture is raised. 


(8) The preferred mixing practice for core mixes containing 
resin binders is to add the dry pulverized resin to dry sand, mix- 
ing well then tempering with the necessary water. 

(9) Resin binders are compatible with all of the other com- 
monly used binders. 

(10) Resin binders are particularly adaptable to use in mixes 
containing sands having a high clay content. 

(11) The use of resin binders will make it possible for many 
foundries to utilize their reclaimed sand. Such cores are adapted 
to many jobs, now done only with new sand. 
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(i2 Resin bonded cores are extremely resistant to loss of 


strength on storage. 


(13) Resin bonded cores are a means of reproducing daily 
and controlling within narrow limits desired core properties of 


hardness and compression strength. 
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Addenda 


34. <A detailed drawing of the core box assembly for prepar- 
ing and adapter for breaking one-inch cube dry compression core 


specimens is shown in Fig. 11. 


Effect of Reclaim Sand 


)- 


3). The data in Fig. 8 show that tensile strength was not 
greatly affected by the use of reclaimed sand, while compression 
strength was. This is believed to be caused by the spread in grain 
fineness of the respective sands used in these tests. The reclaimed 
sand and new silica sand had grain fineness numbers of 51 and 71, 
respectively. To test the action of a reclaimed sand having grain 
fineness nearly equal to that of the new silica sand, a further set of 
data were obtained, as illustrated in Fig. 12. Here the reclaimed 
and new sands were from the same origin; the reclaimed sand 
represented a synthetic bonded molding sand. It had a grain fine- 
ness number of 69, while that of the new sand was 71. Here the 
tensile and compression strengths appear to be equally affected 
as more reclaimed sand is used in the mix. Permeability is less 
affected since the two sands do not exhibit any packing. Green 
compression strength is considerably affected, reaching 4.6 lb. per 
sq. in. when using 100 per cent reclaimed sand. These data serve 
to illustrate the opportunities which are afforded to many foundries 


in the use of reclaimed sand in cores. 
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Effect of Other Binders: 

36. Paragraph 29 states that resin binders can be used effec- 
tively and economically in conjunction with drying oils. The data 
in Table 6 serves to illustrate the effect of using pulverized resin 
binder with linseed oil. 


Table 6 
EFFECT OF USING PULVERIZED RESIN BINDER WITH LINSEED OIL 


No. 1 No. 2 No. 3 


ore A. FF. A. Std. Gand Lb..... 0025 1,000 1,000 1,000 
Linseed Oil SMe. Sewanee 10 7.5 5 
Resin Binder BAM dsdaime as apie’ 2.5 5 
Oil Replaced, Per cent __.............. 0 25 50 
gS: 1% 1% 1% 
Tensile Strength at 350°F............. 66 104 76 
(km. Por Ge. Tn.) §©$GO0°F.. 2... cca 147 152 145 
a. en ee 99 112 112 
Transverse Strength at 350°F........ 20 25 14 
(Lb. Per Sq. In.) ok Aree 38 35 35 
a SD Se 25 32 29 


The weight ratio in the initial mix, 1 to 100, is about the same as 1 to 60 by volume. 
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DISCUSSION 
Presiding: H. S. WASHBURN, Plainville Casting Co., Plainville, N. J. 


MEMBER: What type of cereal binder was used in the tests illus- 
trated in Fig. 10? 


Mr. PRAGOFF: The mogul type. 


MEMBER: The paper indicates best results are obtained with resin 
binder at moisture contents of 6 per cent. When using blowing ma- 
chines, we cannot operate at over 3 per cent moisture. Will such a 
binder cause sticking in blowing machines? 


Mr. PRAGOFF: In oil-cereal mixes, at low moisture content, resin 
binders have been used as partial or complete oil replacement. In such 
cases, sticking may be prevented by careful control of moisture and 
addition of fuel oil to give the oily feel desirable in such mixes. Mixes 
containing resin binder can be prepared to possess good flowability. 


MEMBER: Has the author any data on collapsibility? 


Mr. PRAGOFF: The baking curve in Fig. 5 illustrates the break- 
down of the resin bonded cores as temperatures over 500°F are reached. 
We have not yet obtained high temperature collapsibility data, but hope 
to have more along this line later. 


MEMBER: Has the author any data on the evolution of gas from 
resin bonded cores? 


Mr. PRAGOFF: Our laboratory has not yet obtained data on this 
question. However, we have the report of one foundry control labora- 
tory which showed that cores bonded with resin and core oil showed 
less gas evolution than straight oil bonded cores. 


CHAIRMAN WASHBURN: This paper is interesting in its presenta- 
tion of data on binders which can be used with sands containing clay. 
We have usually considered that we must wash core sands free of clay. 
This new approach should be of interest to many foundries. 














Castings for the British Gas-Industry’ 


By F. WaiIteHouse,* SHEFFIELD, ENGLAND 


Abstract 


This paper gives an idea of the casting conditions 
encountered in England. The author describes in general 
the use of castings in the gas industry. The methods of 
manufacture of retorts, coke oven castings and gas puri- 
fier boxes are detailed. Data on sand, and physical tests, 
etc., are included. Photographs illustrate the various parts 


discussed. 
INTRODUCTION 
1. The gas industry, it has been aptly said, was born in a 
cast iron retort. The cave shown in Fig. 1 was, perhaps, fittingly, 
in which Murdoch experimented in making coa] 


> 


the ‘‘laboratory’ 
gas in his mother’s iron teapot and iron kettle. 

2. Descriptions of the retorts used when the great adventure 
of lighting Westminster with gas was entered upon differ. In the 
‘Day Books’’ of the author’s firm, there are despatch entries of 
retorts sent to the original Westminster Gas Light & Coke Co., 
though without details of size and shape. From then to the present 
day, the records reflect all phases of gas-production plants. It is 
of the foundry’s connection with these that the author is to write. 

3. Fig. 2 is a drawing of a typical small gas plant installation 
of 1866. It might have been used in small villages or on the estates 
of people such as the Duke of Devonshire or Ear] Fitzwilliam, who 
had gas plants of their own. The type of retort used is shown in 
Fig. 3A, though it should be said that the shape was often a plain 
‘*D’’ rather than a hump back variety as illustrated here. Round 
retorts also were used. 

4. The retorts were cast vertically with the flange at the bot- 
tom. The core box, in the case of ‘‘D’’ shapes, was a cast iron cradle 
of the correct shape. The procedure was to wrap straw rope round 


tOfficial Exchange Paper, Presented on Behalf of The Institute of British Foundry- 
men. 

*Manager of Foundry and Pattern Shop, Newton, Chambers & Co., Thorncliff Iron 
Works. 

Nore: Presented at Gray Iron Session of the 48rd Annual A.F.A. Convention, 
Cincinnati, Ohio, May 16, 1939. 
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Fic. 1—INsipe or CavE WuHerE Coat Gas Was First Mape—Cave WHERE Murpocn BuRNED 
Cannet Coat—SrruaTep IMMEDIATELY BELow ENTRANCE To BELLO MILL. 
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Fic. 2—Drawine or Gas-Works INSTALLATION OF 1866. 
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a ‘‘D’’ shaped barrel, line the cradle with loam, bed the wrapped 
barrel in, and make the top shape by means of a wood strickle, 
The whole was then put to dry and after drying the core was taken 
out of the eradle and blacked. The iron used for these retorts was 
phosphoric, of the cold-blast variety and made from local ironstone, 


5. Fig. 3B is a cast iron pattern for a retort mouthpiece 


which is still in use today. 


6. The retort, which nowadays must withstand very high tem- 
peratures, is no longer made of cast iron. The mouthpiece is, as it 
were. an external extension to a silica brick retort. The metal of 
which these mouthpieces are made, now is varied to suit operating 
circumstances. This will be explained in another part of the text. 


= 


7. All eastings are made in green sand. The point of the three 
openings in the molding box, only one branch on the pattern, takes 
up different positions on the mouthpiece. The box is meant to 
accommodate them all thus avoiding a great variety of boxes. The 
apertures not in use are covered with plates. The core barrel and 
strickle, (A, Fig. 3B), is used to make the core for the socket 

















Fic. 3—(A) A Type or “D” Rerort Mave 1n Cast Iron, (B) “D” Retort Mourupiece 
Patrern (Cast InoN)—Tor RING aNp Swive. 1s WorKep Loose--(A) STRICKLE AND Core 
Barrel. FoR BrancH Core. 
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Fic. 4—(A) Arcu Pree Usep on Horizontat Retort—Mapbe witrH GREEN SAND CorRE AND 
FapricaTep Core Iron, (B) Drac Part For ArcnH Pipe, SHOWING SHELL PATTERN AND 
Core IRoN IN Postrion, (C) GREEN SAND Core Reapy To Be Put 1n Postrion—THE Core 
Is 6 IN. IN DIAMETER, 





branch. It is guided in and located by pins which screw in the 
box side. 


8. Fig. 4 illustrates an arch pipe also used on this horizontal 
type of gas retort. From a foundry point of view, it illustrates the 
use of a shell pattern, a fabricated core iron, and a green sand core. 
Further applications of this principle with added details will be 
diseussed later. Photographs which illustrate developments offering 
great possibilities will be discussed also. 

ContTINUOUS VERTICAL RETORTS 

9. High temperature carbonization is the backbone of the gas 
industry today. The vertical retort is its essential medium in 
England. One type, the Woodall-Duckham continuous vertical 
retort, is made in three sizes. The retort proper is built of silica 
brick, but both top and bottom are cast iron. They are in the 
nature of special service castings, as there is heat, abrasion by coke, 
and corrosion due to acid attack; and the metallurgically involved 
question of corrosion at elevated temperatures. 

10. Fig. 5A shows the bottom ironwork across the minor axis 
of the retort. Fig. 5B is a view across the major axis. 
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11. Consideration of the fact that newly made coke falls directly 
from the retort through the extractor to the hoppers, there to await 
discharge, will give some indication of the complex conditions this 
east iron section must withstand. A complete description of mold. 
ing methods, of equipment, of sand control, of metallurgical con- 
siderations, would extend beyond the possibilities of this paper. 
Therefore, the author proposes to deal only with isolated examples 
which may hold interest for the expert as well as that genera] 
fraternity of foundrymen to whom this paper is addressed par. 


ticularly. 


Moupinec METHODS 


12. Figs. 6A and B illustrate some of the manufacturing 


methods employed on certain bottom ironwork castings. The illus- 
trations are self-explanatory, and call for no special comment. The 
principle is to avoid cores as far as possible. All castings are made 
in green sand. In Fig. 6A, the pattern, which is of cast iron, is 
lifted with the outside of the mold, and later drawn downwards. 
Mold quantities are insufficient to warrant elaborate quantity 
production methods, as demand is recurring rather than continuous. 
However, much has been done in the way of shaped molding boxes, 
special turning-over boards, suitable sand, and a helpful foundry 
layout to improve the efficiency of production. 


13. Many of the castings in a retort do lend themselves to 
more mechanized production methods. A foundry section exists 
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Fic. 5—(LEFr) 





Cross Section oF Botrrom Section or VeErticat RErort, 
Section oF Borrom Iron Works (Masor Axis). 





(Ricut) Cross 
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Fic. 6—(A) Drac anp Mipp_e Part or Mop For OvutLer SHoot, (B) Mo.p ror “Ex- 
TRACTOR’ Front CastTINGs. 


where cope parts are rammed by a sand slinger, and drag parts by 
a 10 x 6 ft. jolt ram turn-over machine. In addition, there is a 
range of work which is rammed entirely by sand slinger and 
handled on a conveyor system. 


14. Fig. 7 gives one example of top ironwork for these con- 
tinuous vertical retorts. Figs. 8 to 10 are of individual castings, 
and the production equipment and method which goes with them. 
Again, both mold and core of all castings are made in green sand. 
It should be said that individual eastings range in weight from 
14% to 12 ewts. (168 to 1344 Ib.) and that the molding box shown 
in Fig. 8 is some 8 ft. long, 4 ft. wide, and when complete, 3 ft. deep. 


15. It will be observed that sometimes the structural unit is 
cast In one piece and sometimes in sections and later assembled. 
This is because of operating conditions as well as manufacturing 
considerations. The illustrations cover both types. 


16. The making of green sand cores is a practice in which 
much experiment is yet to be done. The cheapness of the method 
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Fic. 7—VieEw oF Part ASSEMBLY OF SMALL Type Top-IRONWORK. 


on production of this kind is undeniable and obvious, but the 
greatest difficulty is to achieve satisfactory results without a long 
apprenticeship by the molders concerned on this type of work. Nor 
is it just a question of economics as cooling rates are important. 





a Once a composition has been established, a green mold with a dry 
ot core may carry a handicap metallurgically. 
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17. In the production sphere, the essential need in green sand 


practice is a suitably designed, adequately fitted, core iron. 


Both here and in later illustrations, it will be observed that the 
e jron sections are prevented from twisting by tie-pieces, and are 


hound together as a whole by screwed bars. 


Fic. 9—(A) Patrrern ror ENp PLatTe oF Hopper-roor Bui_t up IN Sections, (B) Mop 
FoR Hopper-Foor END Pare. 

18. In our plant, the cores are made alongside the mold 
whenever possible. After casting, the core-iron is taken out by 
liberating the various sections and later re-assembled for further 
use. 

COKE OVEN CASTINGS 

19. Figs. 11 and 12A and B are of coke oven reversing valves, 
and illustrate still better the production of gas plant castings in 
green sand molds and cores. Here special provision had to be made 
in the core box for the fact that the core is to be made green. 
Fig. 12B illustrates this clearly. The difference is that the insides 
of the core box are fitted as loose pieces. Usually no special provi- 


sion is necessary. 
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CasTING FoR VerTicaAL Rerort, (B) Gas OrrraKe MOLD WITH 
GREEN SAND CorE IN POSITION. 


Fic. 10 A) Gas OFFTAKF 

20. The particular reason can best be seen by reference to 
the mode of making these cores. The procedure is to line the 
bottom half of the core box with sand (about 34 in.), bed in the 
core iron and ram sand up to the joint of the box. The bottom half 
is then vented by a thin wire, bars put on to act as a center vent, 
and the top half of the box placed in position. Sand is rammed in 
from the open end of the box until the whole is firmly packed. The 
top half of the box is taken off, the loose sides in the bottom half 
of the core box drawn out, and the core is then ready to be lifted 


away. After finishing and sleeking the core is placed in the mold. 





Fic. 11—-Grour or CoKe-OveEN REVERSING VALVE CasTINGs. 
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21. The end extensions on the core-irons serve as lifting bars, 
also as a means of holding down the core. No studs or chaplets 


q ire necessary. There is a core-iron in the bottom half of the core 





Fic, 12—(A) Green Sano Core For REVERSING VaLve Bopy Castinc, (B) Core-Box AND 
FasrRicaTeD Core-IRON FoR REVERSING VALvE Bopy CasTING. 


22. Other relevant details are that these larger green sand 
cores are allowed to air dry over night before use whenever pos- 
sible; usually the molder makes the core as well as the mold. Part 
of the provision for this type of molding is properly shaped mold- 
ing boxes into which the core irons can fit and be held in position. 


23. The arbor portion of the core iron always carries a larger 
bar, which fits accurately into a place in the molding box left 
specially for it. The construction adopted allows a single core iron 
to be used hundreds or even thousands of times. Sand for the cores 
is of the same composition as that for molds. 






SAND DATA 





24. Throughout this foundry, none of the sand for green sand 
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work is milled. A naturally bonded sand is used. Mixing is effected 
either by hand or by putting the sand through a pin-type disinte- 
grator. About 10 per cent coal dust of superfine grade (passed 
through 200 mesh) is used. The ratio of new sand varies from 5 


to 30 per cent according to the type of castings. 


Table 1 


SAND ANALYSIS OF NEW YELLOW SAND 


Dried Sand as Ciay 
Received Substance 
De Ge SO 6 od tas eevee 2.00 12.71 
NN lO ee reg ote 80.92 36.54 
|” ne 1.57 10.28 
Aiawime & THAMES. « <. oe ccc ses 6.87 31.02 
I to yang Vanrle div. oa. plea eee 0.40 1.00 
I gaits Gs co ots aS ae 
ee OO. ks, co 0 dh vee e%00e Rs 2.76 3.45 
a 1710°C 
UES 66 hes 005-5 AKA Sao a eee 1340°C 
25. Table 1 and Fig. 13 cover the general properties of new 


facing and backing sand. This sand is used throughout the green 
sand system, for hand molding, jolt-ram machine, sand-slinger, and 
squeeze machine. It leaves a good face on the castings even with 
rapid production methods. Castings are not sand blasted because 
of the question of skin removal. This reluctance to sand blast 
prevents the use of certain types of synthetic sand which do not 
leave as desirable a skin as could be wished. Molds are dusted with 
plumbago and sleeked. 


METALLURGICAL PROBLEMS 

26. Discussion of the metallurgical problems of castings for 
gas production is hampered by the wide diversity or service condi- 
tions encountered. In a single modern gas plant, one could find 
almost every type of cast iron from the alloyed, wholly austenitic, 
to the most common phosphoric. Even in a single retort, regard is 
paid to localized conditions, except where ‘‘mutually antagonistic 
requirements necessitate a compromise.’’”! 


27. The castings illustrated come under different specifica 


tions. The same type of casting may be manufactured to four or 


‘Pearce, J. G., “Cast Iron, Research and the Gas Industry,” Institution of Gas 
Engineers—Publication No. 1838-68. 
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Fic. 18—Sanp Properties Data SHEET. 


Fic. 14—Castincs FROM WHICH Test-Bars (T) Were TAKEN. ALL Tests WERE FROM 
APPROXIMATELY THE SAME POSITION. 
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Fic. 15—MICROGRAPHS FROM SECTIONS OF Bark ONE (0.875 IN. DiaMeETER) Bar Cast IN 
Dry Sanp Mo.p \) Epce, UNetcuep, x 100. (B) CENTER, UNETCHED, x 100. (C) Epes, 
ErcHep, x 500. (D) Cenrer, Etcuen, x 500. 
five different specifications, all of which have reference to local 
conditions encountered. These conditions may be in Cornwall and 
not in Seotland, or in Wales and not in Ireland. These conditions 
often concern the sulphur content of the coal as well as the type 
of water available locally, as in the process of gas making, steam 
is introduced at certain points in the bottom ironwork, and the 

reactions are often complex and involved. 


28. It follows that foundry control, which is becoming in- 
ereasingly common, has to be directed not only to composition and 
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physical properties, but also to structure as affected by mold mate- 


rials and eooling conditions. 


29. Recent experience in the handling of what might be 
regarded as ‘‘sensitive’’ alloys, sensitive, that is, to mold conditions 
and temperature changes, indicate that test bar results should be 
checked periodically where possible against the castings manu- 
factured for sale. Particular regard is paid to the conditions of 


test-bars and their manufacture if they are to serve as more than 





Fic. 16—MICROGRAPHS FROM SECTIONS OF Bak Two (0.875 rx. DraMETeR). Bar Cast IN 
GREEN SAND MOLD AND FROM SAME LapDLE oF METAL as Fic. 15. (A) Ener, UNETCHED, x 
100. (B) Center, UNercHen, x 100. (C) Epce, Ercnep, x 500. (D) CENTER, ErcHen, x 500. 
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Table 2 


BRINELL HARDNEss TESTS 





Test Piece Edge Center 
Inch Bar No. 
0.875 (1) 269 228 } 5 m.m. Ball 
0.875 (2) 286 228 > 750 k.g. Load 
0.875 (3) 332 241 \ 30 sees. 
i.2 (1) 248 217 
| (2) 248 228 
L2 (3) 286 248 10 m.m. Ball 
Casting Top Bottom -3.000 k.g. Load 
No. 1 218 220 200 30 secs. 
No. 2 232 232 207 
No. 3 253 251 221 J 


nominal indications of the quality of material. Tables 2, 3 and 4 
indicate results of a test of this kind, and the photomicrographs 
of Figs. 15 to 23 further elucidate the position. 


30. For the purpose of this test, six test bars and three east- 
ings were poured from the same ladle of metal. Afterwards, test 
pieces and test bars were taken from the castings themselves, in 


the manner shown in Fig. 14. 


31. The test bars were cast vertically and individually, and 
poured from the top. The castings were numbered 1, 2 and 3. 
No. 1 was cast in a dried mold and left in the sand 12 hrs. No. 2 
was cast in a green sand mold and left in the sand 12 hrs. No. 3 
was cast in green sand and the top part lifted off 10 min. after 
the casting was poured. A Brinell reading was taken on the pieces 
sectioned from the castings on the top face, the bottom face, and 
the center. The section was *4 in. The castings were poured in the 


Table 3 


TRANSVERSE TESTS 


Transverse 


Distance Diameter Rupture 

between at Breaking Stress 

Test Piece Supports, Deflection, Fracture, Load tons pe? 
Inches Bar No. Inches Inches Inches Lb. Sq. mM. 
0.875 (1) 12 0.14 0.845 1437 29.50 
0.875 (2) 12 0.13 0.879 1418 29.00 
0.875 (3) 12 0.12 0.868 1358 27.70 
1.2 (1) 18 0.21 1.180 2330 27.70 
1.2 (2) 18 0.20 1.130 2283 27.00 
1.2 (3) 18 0.22 1.180 2547 30.26 
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Table 4 


TENSILE TESTS 


Diameter 


Test Piece at Fracture, Load, Load, Lb. 
Dia. In. Bar No. Inches Lb. per. sq. in. 
0.875 (1) 0.563 8,380 33,700 
0.875 (2) 0.559 8,300 36,100 
0.875 (3) 0.564 9,690 38,700 
1.2 (1) 0.794 15,600 31,500 
1.2 (2) 0.794 15,680 31,700 
1.2 (3) 0.794 16,760 33,900 
Bar from 
Casting (1) 0.554 7,940 32,900 
Bar from 
Casting (2) 0.552 8,850 37,100 
Bar from 
Casting (3) 0.562 9,480 38,500 


order 1, 2, 3. Temperature at cupola spout was approximately 
1400°C. (2552°F.). The pouring temperature was approximately 
1350°C. (2462°F.). 


32. Two sizes of test bar were used, the British Standard 
1.2 in. and the 0.875 in. Three of each made up the six and were 
marked 1, 2 and 3. The pair of bars marked 1, i.e. one large and 
one small, were cast in dried molds and left in sand 12 hrs. No. 2 
pair of bars were cast in a green mold and left in the sand 12 hrs. 
No. 3 pair of bars were cast in a green sand mold and taken out 
when they had reached a temperature of approximately 950°C. 
(1742°F.) and cooled rapidly by an air blast. Test bars marked 
1, 2 and 3 were cut from the castings 1, 2 and 3. The physical 
test and the microstructures (Figs. 15 to 23) are from these test 
pieces. 


‘ 


33. Transverse tests were taken in the ‘‘as-cast’’ condition, 
and the only cleaning treatment was to brush off adhering sand. 
Tensile tests were taken on one half of the broken transverse 


test bar. 


34. It will be seen that neither 1.2 in. or 0.875 in. size test 
bar gives a complete picture of the conditions of the casting. How- 
ever, the result of the tensile strength of the 0.875 in. bar approx- 
imate closely the results obtained from bars taken from the castings 
themselves. These bars were machined to the same size as the test bar. 


More particularly it will be observed that differences in treatment 
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Fic. 17—MIcRoGRAPHS FROM SECTIONS OF Bak THREE (0.875 in. DiamMereR) Bar Cast IN 

GREEN SAND Mo_p AND CooLep py AiR Biast FROM 950°C. (1742°F.) Mera From SAME 

LADLE aS Fic. 15 aND 16. (A) Epcos, UNercuep, x 100. (B) CENTER, UNETCHED, Xx 100, 
(C) Epes, Ercnep, x 500. (D) CENTER, EtcHen, x 500. 


are reflected alike in both test bar and casting to roughly the same 
degree. Though it cannot be said that the Brinell tests show any 
close relationship between casting and test bar. No transverse tests 
were taken from the sectioned castings because it was felt that 
machined bars would be hardly likely to give a true reading. It 
was not intended that future practice should cater for the machin- 


ing of all transverse test bars. 
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35. The real point at issue was to what extent test bars could 
held to give an adequate picture of the castings for sale, and 
what degree changes in treatment could be reflected in test bars, 


assuming the composition of the metal to remain constant. 


36. The composition of the metal for the foregoing tests 
was: total carbon 3.21 per cent, silicon 1.28 per cent, manganese 


0.89 per cent, phosphorus 0.32 per cent, sulphur 0.074 per cent. 





Fic. i8S—MICROGRAPHS FROM SECTIONS OF Bax ONE (1.2 IN. Diameter.) Ban Cast in Dry 

SAND MOLD AND FROM SAME LaDLE oF METAL as Fic. 15, 16 AND 17. (A) Epoe, U'NETcHED, 

xX 100. (B) Center, UnetcHep, x 100, (C) Epcr, Ercuen, x 500. (D) Cenrer, EtcHen, 
x 500, 
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Similar experiments are in hand on other types of metal, and an 
investigation is also being made into the effect of moderate tem- 


peratures on the modifications of structure induced by mold mate. 


rials and foundry conditions. a 

, 

37. It is not held that analysis has lost its place, nor con- 7. 

trolled melting, but mold materials and mold conditions, particular- _ 

ly in green sand practice with sensitive irons, are factors to which Dp 
» 
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Fic. 19—MickocrarpHs FROM SEcTIONS oF Bark Two (1.2 Nn. DiamMeTeR.) Bar Cast IN de 

Green SaNp Mop AaNp FROM SAME LapLe or Mera as Fic. 15, 16 anu 17. (A) Eonee, ; 

UNeTcHED, x 100. (B) CENTER, UNETCHED, x 100. (C) Evoe, Ercnep, x 500, (UD) In 


CENTER, EtcHeD, x 500 
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Fic. 20—MIcROGRAPHS FROM SEcTIONS oF Bar THREE (1.2 tN. DiamMeTeR.) Bar Cast IN 

GreEN SAND Mo_p aNnp CooL_ep By Arr Bast FRoM 950°C. (1742°F.). MeraL FROM SAME 

Lapte aS Fics. 15. 16 aNp 17. (A) Epce, UNercHenp, x 100. (B) CentER, UNETCHED, 
x 100. (C) Epnce, Ercnen, x 100. (D) Center, Ercnep, x 100. 


scarcely enough attention has been paid. This applies with par- 
ticular foree where, as in the manufacture of gas plant eastings, 
not only engineering properties must be obtained, but also a degree 
of heat resistance and corrosion resistance which strength figures 
do nothing to indicate. The micro-structures referred to, form an 
interesting commentary on this problem. 
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Low TEMPERATURE CARBONIZATION 


oO. A sphere in which Gast iron seems to be takine its 


ld t 


; 


as a retort material is that of low temperature carbonization. There 


are many examples of these in England. 


39. Fig. 24A illustrates a pattern of a type of casting use; 
tor building these retorts They do, of course, operate vertically 


It will be seen that. in the illustration given, an oval section retort 


FIG. 21—MIcroGRAPHS FROM SECTIONS oF TEsT Pieces TAKEN FROM CasTING PouRED FROM 
SAME LADLE oF Mera. as Bars oF Fic. 15, 16 AND 17. Postrion or Test Piece SHOWS 
as T oF Fic. 14. Test Preck ONE Cast 1n a Dry Sanp Mowp. (A) EpcE, UNETCHD 

x 100. (B) CENTER, UnercHep, x 100. (C) Epce, Ercuen, x 500, (D) Cey™, 
ETCHED, x 500. 
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Fic. 22—MicroGraPHs FROM SECTIONS OF TEst Preces TAKEN FROM CasTING POURED FROM 
Same LapLe OF Merat as Bars oF Fic. 15, 16 AND 17. Postr1ion or Test Preck SHOWN As 
T or Fic. 14, Test Prece Two Cast 1n a GREEN SaNnp Mo.p. (A) Epce, UNETCHED, x 100. 
(B) Center, UnetcHep, x 100. (C) Ence, Ercnep, x 500. (D) Cenrer, Ercuen, x 500. 


can be formed by bolting together the separate sections. The operat- 
ing conditions are such that heat is applied on the outside and 
serves to coke the coal on the inside. 


40. The operating temperature for this process is approximately 
650 to 700°C. (1202 to 1292°F.). It is imperative that the plates 
which form the retort should not only have long life, but should 
neither distort nor crack. Given these conditions, cast iron for low 
temperature carbonization has definite advantages over all other 
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Fic. 283—MICROGRAPHS FROM SECTIONS OF Test Pieces TAKEN FROM CASTING POURED FROM 

SaME LapLe or Mera as Bars or Fics. 15, 16 AND 17. Postrion or Test Pieces SHOWN 

as T or Fic. 14. Test Prece Turee Cast in a GREEN SAND Mo tp. Cope was TAKEN OfF 

10 MINUTES AFTER PourinG. (A) EpGe, UNErcHep, x 100, (B) CENTER, UNETCHED, X 100. 
(C) Ener, Ercuep, x 500. (D) Center, Ercuep, x 500. 


available materials at competitive prices. It is a field in whieh 
much can be accomplished. 


41. Production in this case is from dried molds, and given 
selected raw materials and controlled melting, the foundry control 
rather follows the chilled roll foundry practice, inasmuch as n0 
casting is poured until a satisfactory chill test has been obtained. 
Distortion in the foundry is dealt with by special handling. Also 
a stress relief treatment at 650°C. (1202°F.) is necessary previous 
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Fic. 24—(A) Patrerns ror Type oF Low TEMPERATURE—CARBONIZATION Retrorr—Cast 
with SpectaL HeEat-Resistinc Iron. (B) Jott-Ram Rowt-Over MacHINE FoR RAMMING 
Drac-Part MoLp For PURIFIER SECTIONS. 


to machining to insure satisfactory working service. Micro- 
photographs Nos. 25A and B show two stages in the life of these 
castings. The analysis of the casting is: Total carbon 3.17 per cent, 
silicon 1.1 per cent, manganese 0.72 per cent, phosphorus 0.10 per 
cent, sulphur 0.089 per cent, chromium 0.5 per cent. The tensile 
test on a bar taken from the casting previous to machining was 
16 tons per sq. in. (35,840 lb. per sq. in.). 
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Fic. 25—MicrocraPHs FRoM CasTINGs OF PaTreERN SHOWN IN Fic. 24A. (A) BEForE 
Gorne inTO SErvicE—ErcuHep, x 100. (B) AFTER 2% YEARS IN SERVICE—ETCHED, x 100. 
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Fic, 26—Gas Puririer Boxes or Cast Iron at BIRMINGHAM. 

42. There are, of course, castings in other systems of low tem- 
perature carbonization not illustrated here. The problem there, 
as here, is not only one of composition, but design and operating 
as well as manufacturing conditions. 

GAS PURIFICATION 
43. Gas purifier boxes are still a job for the foundry in 
England. The special corrosion resisting properties of cast-iron, 
together with the improved physical properties now obtainable, 
insure a continuance of demand for at least some years to come 
Fig. 26 shows part of a typical installation at Birmingham and 
Fig. 24A shows the jolt-ram roll-over machine for the production 


of purifier box sections. 


44. The plates forming the bottom of these boxes, which are 
40 ft. x 40 ft., are 5 ft. square and the side plates are 6 ft. 6 in. 





Fic, 27—Hypravtic Vatve For Gas Purirrer Boxes Mane 1n GREEN SaNp—WEIGHT 
APPROXIMATELY 2800 POUNDS. 
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x 5 ft. Production is completely mechanized. The sand used is 
that of which particulars have been given earlier. All molds are 


in green sand. 


45. Fig. 27 is of the hydraulic valve which can just be seen 
in the general photograph of gas purifier boxes given in Fig. 26 
This again is an illustration of the use of a green sand core and a 
fabricated core-iron. Fig. 28A and B will make the equipment 





Fic, 28—(A) Cast iRUN SHELL PATTERN AND FasricaTep Core-lRoN ror MAKING Hypraviic 
VatveE. (B) Mo_tp aND GREEN SAND CorE For Hypravutic Valve Reapy For CLOosING. 


provision for this kind of production quite clear. The diameter 
of the valve is 24 in. and the weight approximately 2,800 lb. 


46. Fig. 29 shows elements of a special type gas-heater fixed 
in the pipeline to the purifier boxes and used to control the tem- 
peratures of gas for its more rapid purification. The needle heater 
elements, which form the medium for heat transference, are of 
cast-iron and have needles in the bore of the pipe as well as those 
which are obvious on the outside. These castings are made on a 
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Fic. 29—SpeciaL Type Gas Heater ELEMENTS REapy For INSERTION IN Gas Heater Bopy, 


jolt-strip machine, and so far as the mold itself is concerned ar 
cast in green sand. The inside is formed by oil sand cores. 

47. All castings for gas purification are cast in a metal giving 
a tensile test on a 1.2 in. bar of 15 to 16 tons per sq. in. (33,600 
to 35,840 lb. per sq. in.). A normal micro-structure is approximate- 


ly the one shown in Fig. 20. 


CONCLUSION 


$8. It will be realized that this survey of castings for the 
sritish gas industry does little more than touch the fringe of the 
matter. Much could be said about the intermittent vertical retort, 
the modern horizontal retort and other types of continuous vertical 
retorts than that used for illustration. If the nature of the foundry 
work for this industry has been made clear, or if the problems 
indicated stimulate interest the author is satisfied. Though he 
does not forget that he leaves the vast field of castings for gas 


utilization plant to other hands. 


19. Finally, thanks are due to The Woodall-Duckham Com- 
pany, London, and to Newton, Chambers & Company, Sheffield, 
England, for permission to prepare this paper and to R. C. Tucker, 
M. A., chief metallurgist, Newton, Chambers & Company for his 


personal interest and help. 


DISCUSSION 


Presiding: FrReD J. WALLS, International Nickel Co., Detroit 


CHAIRMAN WALLS: The next paper is the official exchange paper 
from Great Britain. We are indeed sorry that the author, Mr. White- 
house, is not here to present the paper to us, however, we are very 
fortunate in having a man from across the water who has distinguished 
himself in this industry. On behalf of Mr. Whitehouse, he is to present 
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: 
paper which is entitled “Castings for the British Gas Industry.” 
[he paper will be presented by our good friend, and a past President 
the Institute of British Foundrymen, J. E. Hurst, Director of Re- 
search, Bradley & Fostér, Darlaston, England, 


Mr. Hurst: While Mr. Whitehouse could not come to this con- 
ference, it so happened that I was to be here and the Council of the 
British Institute asked me if I would do them the honor of presenting 
the paper to you. Now, the firm with which Mr. Whitehouse is con- 
nected is one of the very old British iron works. In fact, it was es- 
tablished in its present position in the year 1793 and has continually 
operated on its present site since that date and the ownership has re- 
mained in the same family. Actually, the concern was established some 
years before 1793. So it can be regarded as one of the very old iron 
works. This firm was early engaged in the manufacture of materials 
for the gas industry—and it is correct to say that it can be regarded as 
the pioneering firm of the gas light, and possibly the coke industry. 
It still continues to make castings for the gas industry, the ordinary 
gas lighting industry and also the coke oven industry. 


Mr. Hurst abstracted the paper 


CHAIRMAN WALLS: I am sure the American Foundrymen’s Associa- 
tion is very grateful not only for the paper, but for the splendid presen- 
tation which our good friend from across the water has just made. We 
always feel honored in having with us past presidents of the Institute 
of British Foundrymen. 


H. B. SWAN:! It would be interesting to know further about those 
heat exchange boxes mentioned,sas having a chromium content of 30 
per cent. What is remaining composition and are they machinable? 


H. W. DIeTERT:2 We would like to know the type of mold facing 
or spray used to protect the sand, that is what is used for facing mold 
and whether they are skin dried. 


Mr. Hurst: Mr. Whitehouse is the apostle of yreen sand core 
making in England and he has taken upon himself quite a missionary 
job in going around to our various brances of the Institute of British 
Foundrymen giving papers on the subject of green sand molding. I am 
sure, Mr. Dietert, that in his written closure the author will give you 
the data that you want. 





MEMBER: What particular claims does the author make for that 
process or system of molding and core making? 


CHAIRMAN WALLS: Mr. Hurst, will you convey to Mr. Whitehouse 
our appreciation for this very wonderful paper? 


F, WHITEHOUSE (written closure): In reply to Mr. Swan I would 
say the composition of what he calls heat exchange boxes and what we 
call recuperator castings is approximately: Total carbon, 1.8 per cent; 


Foundry Superintendent, Cadillac Motor Car Cc., Detroit, Mich. 
* President, H. W. Dietert Co., Detroit, Mich. 
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silicon, 0.5 per cent; manganese, 0.4 per cent, phosphorus, 0.1 per cent 
max.; sulphur, 0.1 per cent maximum, chromium, 27 to 30 per cent. 
The flanges are machined, but special tungsten carbide tools are neces- 
sary and the speed is low. The flanges also are drilled, but here special 
inserts are cast in the flanges to obviate difficulties. 


Concerning Mr. Dietert’s questions: Our facing for green-sand 
work is finely ground gas-carbon or Ceylon graphite, and in each case 
it is dusted on the mold by shaking a bag containing this material over 
the mold. The powder is then pressed down to the mold by sleeking with 
tools or rubbing with the hand. Sometimes this facing is applied by 
taking a handful and rubbing it on the mold. The molds are not skin- 
dried. A spray is not used on green-sand. I would say further that in 
the case of the heat exchange boxes mentioned above, the molds are 
dried, and in this case they are sprayed with raw linseed oil before 
going into the stove, and then after drying are sprayed with silica flour 
mixed with water and then put back in the stove for drying off. 


In reply to Member: The claim made for green-sand practice in 
both mold and core is that it is a cheaper method of manufacture when- 
ever it is possible to adopt it safely. It is cheaper chiefly because both 
directly and indirectly the drying of molds and cores costs money. On 
some jobs the saving is more apparent than on others, but in almost 
all cases it exists, and it is the author’s firm opinion that so far as 
English practice is concerned, it is worth while inquiring how far the 
technique of green-sand molding and core-making can be developed. 
The skill of the molder does, of course, count for something, but a good 
deal can be done by sand control and a carefully thought out molding 
technique. That the effort is worth while can be judged by the fact that 
some of the castings illustrated are 30 per cent cheaper to manufacture 
in green-sand than in dry. The question of the effect of green-sand 
on the physical and general service properties of the castings is also 
worth consideration, as in the writer’s opinion mold materials is a sub- 
ject on which further investigation is definitely due, if not overdue. 


Finally, I would express my regret to those present at the reading 
of the paper that I was not there to answer questions, but if I can, even 
now, clear up any points or elaborate any aspect of the problem, I sha!l 
be glad to do so. 








A Scientific Approach to a Foundry Problem 


By L. A. DANsE,* Detrort, MICH. 
Abstract 


The author discusses chronic cracking of castings as 
encountered from 1912 to 1939. Design, planning and 
control of this trouble is discussed in general while 
methods used to determine the causes are described in de- 
tail. The results of placing thermocouples in various posi- 


tions in the core and mold are detailed. interpretations 
of the various cooling curves are also included. 


INTRODUCTION 


1. The discussion herein related will bear upon a _ prolific 
source of trouble with cracked castings, termed, for want of a better 
designation, as ‘‘heat unbalance.’’ This trouble is entirely separate 
and distinct from the common causes of casting breakage, such as 
rough handling, or other operating factors. Cracking resulting 
from hammering hot castings or too severe shakeout, dropping or 
throwing castings, such as from conveyor to truck, into cleaning 
machines or mills; from too severe milling, from too tight clamping, 
or too high pressure in a water test fixture; or from other purely 
mechanical means or causes should be distinguished from the type 
of cracking stated, the causes of which will be traced. 


2. Even though cracking from mechanical causes may at first 


appear puzzling, it easily is traceable to its source by close observa- 
tion. The cracking, which is really a producer of frayed nerves, 
is the kind whose cause evades apprehension, even after the closest 
and most exhaustive tracing and scrutiny. 


3. This cause may be termed ‘‘heat unbalance.’’ It is the 
problem child of complex design on the one hand and conventional 
foundry practice on the other. Elimination of this cause calls not 
only for observation and scrutiny, but close study of the structural 
details of the design, metal flow, solidification, and cooling charac- 
teristics of the related masses of the casting, both in the mold and 
after shakeout. 





* Chief Metallurgist, Cadillac Motor Car Division, General Motors Corp. 
Note: Presented before Gray Iron Session of the 48rd Annual Convention, Cin- 
cinnati, Ohio, May 16, 1989. 
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FOREWORD 


4. The first experience with chronic cracking of castings to 
come to the writer’s attention was in 1912-13. During this winter, 
some large cylinder heads (cylinders with 21 in. bore and 30 in. 
stroke) weighing about a ton apiece gave considerable trouble by 
coming out of the molds in several pieces. This state of affairs 
grew steadily worse as the winter progressed until it was necessary 


to pour three molds to get one casting. 


5. The management became not only upset, but frantic as no 
remedy appeared. Several consulting foundrymen could offer little 


help, but only criticized the design. 


6. In desperation, the problem was called to the attention of 
the late John Keller, Purdue University, with the hope that his 
penchant for putting theories to practical use, might help, even 
though he knew nothing about foundry work. This hunch on the 
part of the general superintendent was a good one for Mr. Keller 


went after the job like a hound dog after a rabbit. 


7. He looked over the broken castings, studied molding and 
pouring conditions and asked a few questions about cast iron and 
its melting and pouring. He then told some of the junior super- 
vision to get some pyrometers, place them in the next mold, and 
take records of the pouring and cooling conditions. This was done, 
the casting poured, and the record made. The casting, incidentally, 


eracked as usual. 


8. Mr. Keller carefully plotted the chart curves on straight 
line paper (in those days we had nothing else but round smoked 
chart recorders). From the results, he pointed out that the rates 
of cooling of adjacent sections of the casting in the mold were such 
that some sections were shrinking while others were expanding. 
The logical result of such conditions was just what we had—cracked 


castings. 


9. Thus, Mr. Keller’s common sense gave the answer after 


those of us who were more familiar with the job had overlooked it. 


10. Better still, he suggested that the cooling rate could be 
controlled by proper arrangements of cooling coils in some portions 


of the molds and heating apparatus in other parts so that all por- 
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tions of the casting would cool at uniform rates. When this was 
tried, it showed definite improvement. When it was worked out, it 
resulted in a complete cure and entire freedom from the trouble. 


11. Mr. Keller’s example was never forgotten. It was a 
splendid evidence of the old truth that before a trouble can be 
fixed, it must first be disclosed, and that after it is found, the cure 


almost suggests itself. 


A New DEsIGNn 


12. The years passed, until a new design of V8 cylinder- 
erankease block casting went into production in mid-summer of 
1935. Although a complex casting, it started reasonably well and 
was attended by no un-toward circumstances. In fact, no unusual 
trouble attended the making of the first several hundred castings. 


13. In October, the weather suddenly turned frosty and cold 
with the result that two-thirds of the castings were cracking in the 
mid-section and production schedules were disrupted completely. 
The foundry was not able to produce castings fast enough to keep 


the machine shop line going. 


14. It took only a short time to bring a grin of recollection 
to the face of the material trouble-shooter. Remembering his ex- 
perience of 20-odd years ago when, as a youngster, he had been 
privileged to help Mr. Keller on the big cylinder head job, he dug 
into the problem. 


15. What then took place can be summarized from the report 
of the material man: 

‘‘High serappage, from cracks running down into web 
of center bulkhead from cored camshaft bearing hole, was due 
directly to an abrupt change in the weather. The temperature 
dropped about 30°F. and a strong north wind aggravated the 
condition, resulting in a considerably accelerated cooling rate 
and consequent high stresses. Cracking naturally followed. 

‘*From the appearance of the cracks, it was concluded 
at once that cooling stresses were the cause. The remedy was 
to retard cooling and the quickest way was to cast the cam- 
shaft bearing solid, not cored. This gave immediate relief and 
stopped the scrap. However, boring out the bearing hole from 
the solid metal was a slow and expensive operation. Risers, 
or breakoff bobs, were placed on the sides of the bearing boss 
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and the cores were shaped out by hand until the coremaking 
equipment could be altered. This also gave good results. 

‘‘However, eracks in the bottom water jacket wall, ad- 
jacent to the center bulkhead, indicated that changes should 
be made at these points. Two more ribs were added to the one 
already in each of the long flat walls. This improved conditions 
somewhat. 

‘Cracks in the center bearing support were helped by 
adding a tie-bar across the bottom of the bulkhead and tied 
in to the riser bobs on the main bearing. 

‘*Eight thermocouples were placed in the center bulk- 
head at various locations, as shown in Fig. 1, to study the 


I eooling rates. After these couples were built into the mold, 
the casting was poured and pyrometer readings started about 


4 seconds after pouring. 

‘‘The fact that pouring was started at 2650°F., finished 
at over 2600°F. and that 4 sec. later the first temperature 
readings were 2000°F'., shows an astonishing freezing and cool- 
ing rate, as illustrated by Fig. 2. 

‘‘Further, the fact that Couples Nos. 1, 3, 5 and 8 were 
cooling rapidly and Nos. 2, 4, 6 and 7 were heating shortly 
after readings were started, shows the terrific stressing under 
way. (See Fig. 1 for couple locations. 








Fic. 1—Secrion or BLock SHOWING PosITIONs oF 8 THERMOCOUPLES. 
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‘‘Couple No. 5, at the point where the cracking was 
encountered, was 600°F. below the temperature of No. 1 at 
1.5 min. after starting. The terrific cooling rate of No. 5 illus- 
trates graphically why the cracks occurred at this location. 

‘*Also remarkable to note are the differences after re- 
moval of core sand. Six hundred forty °F. difference shows 


why stresses were so high as to rupture castings.”’ 


EXAMINING CASTING STRESSES 


16. Of interest at this stage is the stress found to exist across 
the center section. A 1 in. square cross-section cross-tie bar was 
attached to the two lugs supporting the valve-lifter brackets. Many 
of these were cracked by the internal stresses in the castings. Not 
only did these 1 sq. in. cross-ties break while hot, but in some in- 
stances they broke after they were cold. Examination of these frac- 
tures and tests of similar bars in the tensile testing machine showed 
the stresses to total approximately 40,000 Ib. per sq. in. The iron 
used gave tensile figures of this order regularly. 


17. Other indices of the order and degree of the internal 
stresses may be gaged from the fact that when a center bulkhead 
was sawed longitudinally, it broke before the saw cut through and 
opened up 3/16 in. requiring nearly a 20,000 Ib. load on the cast- 


ing to close the cracks. 


18. When eutting end bulkheads, it was necessary to insert 
wedges behind the saw as the internal stresses caused the block 
to pinch and break the saw as it. went through. Tests made by 
wedging and re-cutting end bulkheads showed that the saw kerf 
had to be nearly 4% in. wide before the stresses were relieved 
sufficiently that the kerf would not close tight when the wedges were 
removed. 


19. The engineering department was complaining that cylin- 
der bore warpage in service was excessive, reaching the point where 
blow-by and loss of power was quite marked. 

20. Events from then on shaped to a trend which can best 


be followed by quoting from subsequent reports. They give the 
history of the development as it took place. 


“It was next desired to determine what difference there 
was in the rate of cooling of the block with the center cam- 
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1 


shaft bearing left solid and with risers alongside it. Informa- 
tion also was wanted on how the outside of the casting cooled. 
Therefore, couples were placed on the cylinder head face and 
in the oil pan rail. 

‘*This showed a marked improvement in the cooling char- 
acteristics of the camshaft bearing. However, primary cooling 
was still too sharp and rapid in several portions of the block, 
indicating cold mold conditions; while secondary cooling was 
much slower than was supposed, indicating need for controlled 
cooling. 

‘Twelve couples were placed in the center portion of the 
mold, as shown in Fig. 3. Couples 1 to 8 were located in the 
same places as in the preceding test while Nos. 9 and 10 were 
placed in the oil pan rails and Nos. 11 and 12 in the cylinder 
head faces over the support struts in the water jackets. Couples 
9 and 12 burned off when the casting was poured, but Nos. 10 
and 11 gave good indications of rail and head face conditions. 

‘‘Note that 144 min. after pouring at 2600°F., (Fig. 4) 
a difference of 500°F. was shown between No. 8 couple in the 
upper part of the water cross pipe and No. 7 couple in lower 


water jacket wall. 


**Note also that 6 or 7 min. after pouring, couple 8, in 









Fic, 3—SEcrion oF BLock SHOWING PosITION oF 12 THERMOCOUPLES To BE Usep IN SECOND 
TEsT. 
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upper water cross pipe, and couple 3, in main bearing, are 
cold compared to the rest of the center section. This called 
for close study of metal flow and cooling, particularly when 
it is seen how the added mass at the camshaft bearing, couple 
5, has held up the cooling of this portion. Where formerly 
couple 5 eooled to 1400°F. in one min., it now takes 18 min.’’ 


CHANGES MADE AFTER TEST 


21. Discussion of each step in the pouring, primary cooling, 
shakeout, core knockout and secondary cooling, was rife in prepara- 
tion for the next modification and test. Changes made after this 
test included adding 86 ft. of cooling conveyor housing, lengthen- 
ing it to 368 ft. and insulating the walls and roof to hold the heat. 
This permitted lessening the sharpness of the cooling and cut down 
the number of cracked castings. 


22. The shakeout temperature and time were questioned, so 


the critical range, Ar 3, 2, 1 of the iron was checked and found to 
be 1450° to 1340°F. (Fig. 5). 


2%. This critical range determination was made on a specimen 
4 in. long and 1 in. diameter. On heating this specimen to 1800°F., 
the total expansion was 0.062 in. or 0.0155 in. per in. of specimen. 
When cooling from 1800 to 1445°F., the specimen contracted about 
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Fic. 5—Curves or Criricat Pornr DererMINaTION. 
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0.015 in. per in., then expanded approximately 0.011 in. per in 
while going through the critical range (at the same time giving 
off heat so the specimen temperature increased about 5°F.). There. 
after, the specimen cooled and contracted at a uniform rate. 


24. The next desire expressed was that we should know what 
the cooling rate was with the casting shaken out of the mold but 
with the cores left in position. The suggestion had been made that 
eores should be knocked out, so as to permit the center of the cast- 
ing to cool at more nearly the same rate as the outside. The cause 
of the cracks in the inner water jacket was thought to be the poor 


heat balance. 


25. At this time, the castings were being made with a small 
hole in the center camshaft bearing to enable the machine shop to 
start the rough drill for the bearing hole, but without the risers 
that had formerly been used. This test was the next one run. 


26. The report states: 

‘*Primary cooling still indicates that some portions of 
the mold cool] too fast, either from gating or mold temperature 
conditions. 


‘Secondary cooling is not at too rapid a rate, in general, 
but the inside of the casting having the cores left in, does 
not keep pace with the outside and so sets up extreme stresses 
which result in cracks. 

‘‘Leaving off the risers from the center camshaft bearing 
has lessened the heat to be dissipated from that portion, but 
not sufficiently. 

‘‘Knocking out the cores immediately after shakeout 
caused the castings to cool more evenly, thus proving the 
soundness of this reasoning. 


‘‘The proper way to do this job would be to shakeout 
and knockout the cores and then put the casting through 4 
controlled, heated, cooling kiln or oven. This has been dis- 
eussed ever since the cracking condition originally came up, 
but had never had any serious consideration.’’ 


7 


27. Since knocking out cores at shakeout time would mater'- 
ally alter the heat balance after shakeout and oven control of the 
eooling conditions thereafter would affect additional locations in 
the block, it was decided to use more pyrometer thermocouples 
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Fic. 6—Pian oF How 16 THERMOCOUPLES WERE To Be ARRANGED IN CORE. 


and get temperature data on other parts of the casting. Instead 
of the couple locations heretofore utilized, a new arrangement was 
planned, wherein 16 thermocouples were placed in the cores, along 
the right hand side of the casting and in the bulkheads, as shown 
in Figs. 6, 7A, 7B, and 7C. 





Fic. 7—A, B anp C—PosiTIon OF THE 16 THERMOCOUPLES IN THE CorEs ARE SHOWN BY 


THE Wuirte Dors anp NUMBERS. 
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28. The following arrangement was used on all subsequent 
tests: Couples 1, 2 and 3 were in the oil pan rail; front, center 
and rear. Couples 4, 5 and 6 were in the inner water jacket wall, 
where the side slab joins the bottom slab; at the center of the front 
section, at the junction of the cross water passage, and at the 
center of the rear section. Couples 7, 8 and 9 were in the outer 
wall, where the oil pan wall, outer jacket wall and bottom slab 
join; front, center and rear. Couples 10, 11 and 12 were in the top 
slab (cylinder head face), midway from bore center line to outside 
edge; front, center and rear. Couples 13, 14 and 15 were in the 
bulkheads, in the oil tube ribs between the main and camshaft 
bearings; front, center and rear. Couple 16 was in the center bulk. 
head, in the top of the camshaft bearing. 


29. To quote further from the report: 


‘It was also decided to torch-heat the drags on the con- 
veyor, in order to improve heat balance conditions, so this was 
ineluded in the test. 


‘* Pouring was at 2760°F. and within one min. a difference 
of 1100°F. was shown between the center camshaft bearing 
and the rear head face. A difference of 1000°F. showed be- 
tween the center camshaft and the rear outside wall. (Fig. 8). 


‘‘The cooling from pouring temperature to 1400°F. took 
about 30 min. showing that the practice of torch heating the 
drag has improved the primary cooling by slowing it down. 


‘Tt was suggested that other portions of the mold might 
be heated to advantage: 


‘‘The cooling curves show that the conditions are such 
as to allow the outside of the block to cool, contract, go through 
the critical range with attendant expansion and again con- 
tract—before the inside reaches the critical range. 


‘To minimize this, the temperature differences between 
adjacent portions of the block should be cut down and the 
eooling rate more evenly controlled. 


‘‘By proper control, the cooling time could be actually 
eut down, while still reducing internal stresses and obviating 


eracks.’”’ 


0 ONY G@ ‘VL ‘Sl4 NI NMOHS Sa1dn000MWaH], 91 3HL 40 SIAUND ONTIONIQ—§ ‘DIY 


SILANIW Ni JWI 
(2 $2 £2 O€ E£ GE EF 2b Sb Ob IS 48 26 09 €9 99 69 22 Sl 1? b8 l8 06 £6 96 
| ' | i | | | 


+—— 


@ 


S 
™» 
6) 
‘ 


5 i 


Ty SResze 








“SILONIW WI FLL =p 
6€ 2b $6 86/5 bF 1G 09 £999 69 w& SL 82 18 68248 O06 €6 96 66 2ol 











' 
; 
é 
* 














160 SCIENTIFIC APPROACH TO A FOUNDRY PROBLEy 


Try WateR COooLInG 


30. By this time, it was agreed fairly well among the foundry 
staff that a cooling oven on the ecarryoff conveyor would be de. 
cidedly advantageous. However, the cost looked high and so several 
digressions were undertaken in the effort to get results at lower 


cost. 


31. One proposal was that, after pouring, water should be 
added to the hollow body cores to cool off the center mass. This 
was greeted with some trepidation, as everyone visualized ex. 
plosions, wrecks and a generally impractical operation. Despite the 
fears, the test was made. The water did what it was calculated 
to do. It took considerable heat out of the heavy center mass. 


32. The report continues: 


‘In figuring the amount of water to be added, it was 
estimated (from study of the chart of the last cooling test 
that a drop of 300°F. of about 30 lb. of iron in the center of 
the block would be all right to try out first. Assuming a 
specific heat of 0.12 for cast iron, gave 1080 B.T.U. to be ex. 
tracted. With service water at 60-65°F., we could depend upon 
a rise of 150°F. (from the water temperature to the boiling 
point). This showed slightly over 7 lb. of water, and to play 


safe, 3 qt. was decided upon. 


‘“The charts (Fig. 9) for this test showed that a tempera- 


ture drop could be produced by adding water, but that even 


when this was done, the outer portions of the block cooled 
faster than the inside and that the center portion which had 


been water cooled was taking up heat from adjacent masses. ’ 


33. After this first trial of adding water, several additional 
tests along the same line were made. All confirmed the opinion that 
shakeout time should be studied and that cores should be knocked 


out at shakeout time. 


CHANGE GATING ARRANGEMENT 


34. Changes were made in the gating (Fig. 10) by blocking 
out several gates along each side near the center and adding them 
along each end. These modifications altered and improved the cool- 
ing characteristics, but not enough to fix the job. Changes were 
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Fic, 10—Castinc In WHicH CHANGES WERE MADE IN THE GATING BY BLOCKING OvT 
Severna, Gates ALonGc Eacu Stpe NEAR THE CENTER AND AppING THEM ALONG Eacu Enp. 
also made in breakoff and risers. These also improved the job, but 


still left something lacking. 


35. <A test was run with the modified gating, with the cores 
all knocked out and the casting placed in a welding pre-heating 
furnace at 1100°F., after shakeout and knockout. This showed real 
promise, as the controlled cooling indicated that the various por- 
tions of the casting cooled at more nearly similar temperatures. 
Fig. 11 


36. The conclusions so far seem to build up to the fact that 
there was need for a carryoff cooling oven to control the cooling 


of the eastings. 


MAKE METALLOGRAPHIC AND CHEMICAL ANALYSES 


~) 


The report continues as follows: 


sefore proceeding further, it was decided that a com- 
plete metallographic and chemical] examination be given three 
blocks which had cracked in the center bulkhead between the 
main bearing and the cam bearing (Fig. 12). These blocks 
were cast on the following dates: Block No. 100 on May 4, 
1936; blocks No. 110 and No. 111 on May 5, 1936. Samples 
of bores, taken from opposite corners of each block, also were 
ehecked for possible variation in composition or structure. 


‘“ All photomicrographs indicate that the iron used in these 
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Fic. 12—PuHorocrapH or CENTER BULKHEAD Wuicn CracKEp From Main BeEarinc 1 

CamsuHart BEaRING THrouGH Or Hoe. (SAMPLE 2058, Block No. 100, Cast May 4, 1936), 

THIs ILLUSTRATES PosITION AND DIRECTION oF FRACTURE. OUTLINES SHOW POSITIONS OF 

Micro SamMpLes, Cutrs ror ANALYSIS WERE TAKEN ALONG FrRactuRE AFTER Micros Wen 
TAKEN. (APPROXIMATELY HALF SIZE.) 


blocks was a good, average grade of pearlitic iron, and in some 
eases, better than average. The variations noted in the micro- 
structures can be attributed directly to cooling conditions in 
different sections. 

‘*Fractures were all medium to fine grain. 

‘‘The difference in bardness between the cam bearing, the 
main bearing, and the bulkhead section between them can 
be accounted for by the differences in cooling rate at these 
points due to variations in sections. 
ie Chemical compositions varied slightly within each block 

Y but the variations were so slight as to be relatively unim- 
aa portant. 
ay: ‘*The cracking of these blocks cannot be accounted for 
eS either metallurgically or chemically. Breakage is due to me- 
rE: chanical or internal stress occurring during cooling. The rem- 
edy lies in modification of the foundry procedure. 


/ ‘Photographs were taken of all fractures, chips for chem- 
ical analysis were taken at the points of fracture, and photo- 
micrographs were obtained from samples taken at the points 
of fracture. Brinell hardness readings were taken on all bores, 
cam, and main bearings. 


es ‘‘All pieces were designated by letters according to the 


following code: 


‘3 ‘ A and Al—The two pieces of bulkhead from Block No. 111, 
ee Sample No. 2060. 
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B and Bl—The two pieces of bulkhead from Block No. 119, 
Sample No. 2059. 

( and C1—The two pieces of bulkhead from Block No. 100, 
Sample No. 2058. 

D—Sample of bore, left bank rear, from Block No. 111. 
D1—Sample of bore, right bank front, from Block No. 111. 
E—Sample of bore, right bank front, from Block No. 110. 
E1—Sample of bore, left bank rear, from Block No. 110. 
F—Sample of bore, right bank front, from Block No. 100. 
Fi—Sample of bore, left bank rear, from Block No. 100. 


‘*Block No. 100, sample 2058, was selected as typical and 
the data of Table 1 illustrates the hardnesses and composi- 
tions.”’ 

Table 1 


TYPICAL SAMPLE STUDIED TO DETERMINE CAUSE OF CRACKS 
Sample No. 2058—Block No. 100—Cast May 4, 1936 


BRINELL HARDNESS 


Right Bank Left Bank 
Bulkhead Front Barrel Rear Barrel 
Cc Cl F Fl 
Cam 171 Cam 171 182 182 
Main 194 Main 194 
CHEMICAL COMPOSITION, PERCENT 
Cl F Fl 
Total Carbon 3.23 3.140 3.140 3.140 
Combined Carbon 0.790 0.680 0.410 0.420 
Graphitic Carbon ........ 2.430 2.460 2.730 2.720 
Manganese 5s 0.540 0.580 0.570 
Phosphorus .146 0.147 0.161 0.157 
Sulphur 0.078 0.090 0.089 
Nickel i Nil Nil Nil 
Chromium 0.040 0.040 0.040 
Silicon 2.5 2.240 2.150 2.240 
Copper ; 0.550 0.480 0.510 


‘“‘These structures (Figs. 13 to 21) and compositions are 


representative of what had been examined from scores of pre- 
vious cracked blocks and are typical of the melting practice at 
that time.’’ 


INSTALL CONTROLLED CooLING CYCLE 
38. As will be noted, many of these blocks cracked after the 
vertical cam-to-crank oil holes were drilled. This might mean an 
elapsed time of from one day to three weeks after casting. 
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Fic, 183—PHoTro SHOWING THE FRACTURE OF THE BULKHEAD. 1 X. 


39. When, finally, it became apparent that a controlled cool- 
ing cycle was essential, the project was taken up with the equip- 
ment people. One after another of several reputable firms engaged 
in building such equipment refused to bid on the proposition. They 
said it was neither oven, furnace, nor kiln, and would not consider 
it because it involved what they termed a ‘‘trick process,’’ 
would have none of it. 


so they 


40. Finally, with the co-operation of the maintenance and 
construction department, one of the more venturesome furnace 
builders installed the jobs. When it was set up, it appeared to be 
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Fie. 14—Micro TaKEN aT Marn Beartnc. ButkHeap Cl. 100 X. UNETCHED. 
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Fic. 15—Micro TAKEN aT OUTER SuRFACE oF CENTER SECTION. 


BuLKHEap C, 100 X. 
ErcHep 4 Pen Cent NITAL. 


of no avail, as several blocks cracked in the center bulkhead on 
the first day’s operation of the oven; 


so it was desired to know 
whether the oven operating temperatures were according to the 


specifications laid down before the oven was designed and installed. 


41. The report on this test was as follows: 


‘The entering and soaking portion of the oven (the first 
30 min.) was supposed to hold at 1100°F. so as to equalize the 


Fic, 16—Micro Taken at Heart or CenTeR Section. BuLkneap C. 


100 X. Ercnep 
4 Per Cent NITAL. 
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aT Heart or CENTER SEcTION. BuLKHEAD C. 500 X. EtcHep 


Micro TAKEN 
4 Per Cent NITAL. 





Fic. 18—FractureE or CyLinpER Barret. 2 X. UNETCHED. 
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Fic. 19—Micro or Cyiinper Barret Fl. 100 X. UNETCHED. 





. 20—Micro or Cy_rnper Barrer FI. 100 X. Ercuen Witrn 4 Per Cent NIrat. 


temperature of the blocks, which might be charged at tempera- 
tures from 900 to 1400°F. 


The cooling portion of the oven was supposed to cool 
the block evenly to below 500°F., preferably 400°F., over 
215 hr. period. 


a 


‘‘As operating the first day, the castings enter the oven 
at about 1100°F., but cool off rapidly (in 5 min.), to 860°F. 
Fig. 22); then heat up again to 960°F. (for 13 min.), after 
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Fic. 21—Micro or Cy.trnper Barre. Fl. 500 X. Ercnen 4 Per Cent NITAL. 
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vhich they remain at nearly the same heat for some time 
940°F., for 28 min.). The oven control temperature is 860, 
nstead of 1100°F. At the discharge end, the blocks come out 
at 630 to 680°F., instead of below 500°F. 


‘‘In making this test, two trailing thermocouples were 
attached to a block casting as it was hung on the conveyor; 
one on the center bulkhead and the other on the outside of the 
casting. These were allowed to follow the casting for 28 min. 
as it entered the oven. Temperatures were read every minute 
on the trailing couples and three times on the oven control 
pyrometer. The conveyor speed was 40 in. per min. 


‘‘The oven control should be raised up to 1050 to 1100°F. 
There should be circulation of air in the cooling portion of the 
oven, so that the inside and outside temperatures of the cast- 
ings will be more uniform. This circulation should be controlled 
so as to get the block out at below 500°F., preferably 400°F. 


‘The conveyor speed should be reduced to where the cool- 
ing time will be 2% hr.’’ 

42. The construction division did some remodelling, as a 
result of this report, after which the job went along in good shape 
until the next spring when several cracked blocks were encountered. 
At this time, it was agreed that the oven cooling curve should be 
checked. 


43. The check test showed the following: 


‘*The first test (Fig. 23) showed temperatures consider- 
ably low, with too rapid cooling during the early part of the 
run through the oven. (The straight line is the specified heat 
gradient). Some open heater connection holes were closed up 
and another test was run (Fig. 24), which showed good re- 
sults. 


‘*The conveyor was slowed down to 24 in. per min. which 
was stated to be equal to 45 blocks per hour. It had previously 
been running much faster. 


‘“‘This test indicated that automatie controls should be 


installed on the burners so as to maintain temperatures more 


uniformly. 


“*It seemed possible that in cold weather, additional heat 
would be needed at the entrance of the oven. 
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‘‘Tests were then run at discharge of oven, to assure 
blocks coming out below a dangerous heat. It was agreed, that, 
if blocks came out too hot, an addition to the discharge end 
of the oven, made up of sheet metal housing only, should be 


installed. 


sé 


In these tests, one long trailing couple was fastened to 
the center bulkhead of a block after core knockout. A portable 
indicator was connected and readings taken every minute as 
the conveyor carried the block through the oven.’’ 


14. These findings called for some rebuilding of the conveyor 


and oven top, where the hook slot allowed too much heat loss. 


CooLING OVEN REBUILT 


15. After rebuilding the oven, it was desired to check the 
temperature curve with a trailing thermocouple to ascertain what 


the operating conditions were. 
46. The report for this test read: 


‘*The time to equalize is fairly good, but the equalizing 
temperature is low, as is. 

‘* However, the first cooling is bad in that there is a 300°F. 
drop in 12 min. This is far too abrupt and should be lessened. 


‘‘There is another even more severe drop at 50 min., 
where the temperature falls 280°F. in 5 min. 


**In the test (Fig. 23), the operating curve approximates 
the specified gradient. The peaks and dips in the curve of Fig. 
25 should be eliminated by oven and burner adjustments so as 
to give as good a chart as the old oven formerly did. 

‘The crooked line shows the readings as taken, and is 
indicative of the temperature of thin sections on outside of 
block casting. The evenly curved line has been inserted by 
hand, from the crooked line readings, to show the probable 
temperature trend of the heavy mass. The straight line shows 
the specified curve, as noted on the layout blueprint. 


‘*The first abrupt drop, at 30 min., is at the slope down 
from the upper to the lower level; after the hot zone. 


“‘The second, at 50 min., is approximately at the slope 
up from the lower to the upper level. 
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‘‘There must be a draft to cause such abrupt drops in the 
temperature at the points noted. There naturally would be a 
marked change at the first slope down due to thermal air cir- 
culation, the heated air tending to rise and the cold air to 
fall. However, the shape of the curve shows that more than 
this is at work to cause so large a drop.”’ 


47. After this experiment, the trouble was aggravated instead 
of lessened, so another re-vamping was discussed. For some time no 
action was taken, as production went along fairly well. However, 
in the winter, as eracked blocks were again encountered, it was 
decided to run another test to ascertain the cause. 


RESULTS OF RETEST 
18. The results of the test as reported are as follows: 


‘‘The time to equalize is short and the equalization tem- 
perature low. First cooling is bad as during the interval from 
32 min. to 42 min. the temperature drops about 300°F. Cool- 
ing from 42 min. to 75 min. is still too rapid, the drop being 
about 230°F. 

‘‘The oven conveyor was running at a speed of 20 in. per 
min. which is not too fast, but the heat is low and the equaliz- 
ing time is too short. 

“*The curve, Fig. 26, like that of Fig. 25, is not so good 
as the one of Fig. 23. Oven and burner adjustment should 
be made to bring the operating curve up to the specified rate. 

‘*Setup was similar to that of Figs. 23, 24 and 25. Chart- 
ing also similar giving the following: Crooked line—instru- 
ment readings; evenly curved line—probable block tempera- 
ture; straight line—specified curve. 

‘‘The first abrupt drop, 32 to 42 min., oceurs at the down 
slope from the upper level of the oven to the lower or floor 
level. The second drop, 42 to 75 min., is along the lower level; 
to the beginning of the up slope to the second upper level. 
From here on the cooling is uniform and gradual, but the 
temperature has already gotten too low. The end of the curve, 
at 167 min., was not at the discharge of the tunnel, but about 


60 ft. back from the discharge end of the housing.’’ 


49. After this revision, the job went along much better and 
no scrap due to cracks was noted during the remainder of the pro- 


duction season. 
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New DEsIGN CRACKS 


50. Prior to the start of the next production season, a change 
in design was made. A ventilating pipe, down through the flywhee] 
end of the bloek, was added. This stiffened the right rear corner 
of the block and, as a result, cracks began to appear in the right 


hand inner water jacket wall, alongside the cross water passage. 
51. Another change which affected the operation was that 
the center body cores were changed from dry sand to green sand, 


thus introducing additional variables not hitherto encountered. 
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52. Note (Fig. 27) that the inner water jacket wall on the 
left side had an offset in it which makes it more flexible, while on 
the right side where the vent pipe stiffens the corner, the inner 
vater jacket is straight, with no possibility of flexing to relieve the 
longitudinal stress. 


53. The cracking persisted even with good carryoff conveyor 
oven control. Check tests were run on the oven and showed good 


heat gradient—almost like the ideal specified curve. 


54. Several remedies for the trouble were tried and one finally 

was suggested which worked satisfactorily. This was to thicken 

: the bottom cylinder barrel slab between the two center barrels, 
on the right side (Fig. 28). This additional mass apparently 
changed the heat balance of the structure and reduced the local 


stressing which had caused the cracking. 


55. Here again is evidence of the difference between heat 
balanee and heat unbalance. Evidence of the latter is obtainable 
by the methods indicated above and means for changing from un- 
balance to balance will suggest themselves depending upon the 
structure being dealt with. 


DISCUSSION 
Presiding: F. J. WALLS, International Nickel Co., Detroit, Mich. 


In absence of the author, this paper was presented by H. B. Swan, 
foundry superintendent, Cadillac Motor Car Co., Detroit, Mich. 


F. E. REINERS:! Did the oven treatment have any effect on the 
machinability of the castings? 


Mr. SWAN: The highest temperature is only 1100°F. and it had 
absolutely no effect upon the casting other than equalizing the temper- 
ature and cooling the casting. It is not an annealing operation. 


CHAIRMAN WALLS: Mr. Swan, did you have less dimensional dis- 
tortion after machining than you did prior to the installation of the 
oven? 


Mr. SWAN: Yes, there is no question about that. We had had some 
complaint from the engineers on distortion in the bore but after this 
operation was installed, we did not hear any more about that. 


MEMBER: Were the cracks discussed in this paper cold cracks or 
hot cracks? 


Mr. Swan: Both. There were times when we would go along the 
cooling line in the morning, when the blocks were, about as near as we 


* York Ice Machinery Corp., York, Pa. 
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could judge, about 700°F. and we could hear them crack. There were 
other times when the cracks would not develop possibly for 2 or 3 days 
later in the machine shop. With a casting under stress, the machining 
sometimes relieves certain points and the casting would crack in the 
machine shop. 


I think Mr. Danse was persuaded to write this paper, even though 
it was about 3 years after the trouble occurred, because he felt that this 
means of study, the use of thermocouples in the casting, was a tool that 
could be used to advantage by the foundry industry, perhaps not always 
for cracks, but sometimes for warpage conditions. 


A. HIERTGEN:2 On the cooling curves shown, I did not understand 
how the heating rate of the casting would continue at a uniform rate 
after the shake-out. I noticed on the curves, that following the shake- 
out period, the curve showed a uniform increase in temperature after 
the shake-out. 


Mr. SwAN: Mr. Danse mentioned that in his paper, I believe. 
He felt that some of the curves were hard to explain. The reason that 
there was an increase in temperature, was due to heat absorption from 
other parts of the casting and also, from the fact there is extreme heat 
absorption around the barrels from the jacket sand. There were a lot 
of points that we were not always able to explain, but these were the 
facts as we found them. 


2 Henry Vogt Machine Co., Louisville, Ky. 





High Strength Cast Steels* 


By Gerorces DELBART,' DENAIN, FRANCE 
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Abstract 


High strength cast steels are discussed from a metal- 
lurgical viewpoint. The author divides his presentation 
into the following headings: Defects of cast steel, struc- 
ture of cast steel, refinement of secondary and tertiary 
structures, hardening, French specifications and defini- 
tions. Under defects of cast steels he discusses inter- 
dendritic shrinkage or microshrinkage. Primary structure 
and homogenization are discussed under structure of cast 
steel while granulation and hardening are discussed under 
refinement of secondary and tertiary structures. In the 
subject of French specifications, he presents specifications 
as required by the A.F.N.O.R. Micros and drawing are 
included to better illustrate the various points discussed. 


INTRODUCTION 


1. The problem of light weight in construction has found 
numerous solutions in the utilization of special cast steels. De- 
creases in weight of 30 to 35 per cent and even of 50 per cent are 


cited readily. 


2. The steel foundry has followed metallurgical progress with 
a certain amount of delay. The foundry can not adopt the findings 
from forgings and rolled material because sometimes cast steel re- 
tains its solidification structure in spite of thermal treatment. More- 
over, ingots for forging are cast under the best conditions and 
undergo profound transformations and improvements while being 
worked. We wish to present here the facts that we believe essential 
to the metallurgical practice of the steel foundry. 


3. A casting should, above all, conform to the drawing and 
this depends on the shrinkage and flowability of the metal employed. 
The question of flowability was the subject of a paper by Portevin! 
in 1932. A casting of high quality should be free of defects and 
have a fine structure. 


_ *Official Exchange Paper, presented on behalf of the Association Technique de 
Fonderie de France. 

tChief Engineer, Metallurgical Department, Cail. 

**Metallurgist, Sealed Power Corporation. 

Nore: Presented Before Steel Session of the 43rd Annual A.F.A. Convention, Cin- 
cinnati, Ohio, May 17, 1939. 
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DEFECTS OF CAST STEEL 


4. We have previously considered some of the defects of cast 
steel, such as blow holes, inclusions, and cracks. These defects 
have been combatted for a long time and are beginning to be well 
understood. In attempting to obtain higher qualities, attention was 
turned to the defects whose importance was secondary for ordinary 
east steel, but primary in the search for higher mechanical proper- 
ties. These latter defects were dependent less on the specific proper- 
ties of the metal than on its composition. There appeared in par- 
ticular the interdendritic shrinkage or microshrinkage, which was 
first reported in steel ingots by Charpy in 1920. Interdendritic 
shrinkage in cast steel was the subject of a recent article by 


Portevin*®. We repeat its essentials in the following paragraphs. 


5. Microshrinkage appears: (a) in part, in regions of major 
segregation during the second stage of solidification by flowing off 
of the liquid metal through the interlaced dendrites of solidified 
metal; (b) and especially during the third stage of solidification, 
as a consequence of the shrinkage of the last liquid portions im- 


prisoned in the dendritic cells (Fig. 6B). 


6. The region of ‘‘basaltic’’ structure which is found in al! 
ingots poured in iron ingot molds does not contain microshrinkage 
because of the regular progression of the crystallization, but this 
structure practically does not exist in castings poured in sand be- 


cause of their slower solidification. 


7. The formation of microshrinkage depends on the specific 
properties of metal and on the solidification conditions and, conse- 


quently, on the pouring temperature and cooling rate. 


8. It is necessary, in order to attain high mechanical strength 
in a cast metal, that a fine structure be obtained in addition to great 
compactness. This condition can not be discussed without a pre- 
liminary agreement on definitions of structure. 


STRUCTURE OF CAST STEEL 
9. We have previously discussed the primary and secondary 
structure of cast steel’, the primary structure being the structure of 
solidification (Figs. 1, 2, 7, 8A, 8B). In order to avoid all con- 





1World Foundry Congress in Paris, Bulletin de l’Association Technique de Fonderie, 
Sept., 1932. 

2Bulletin de l’Association Technique de Fonderie, Dec., 1934. 

8Metal Progress, Aug., 1938, p. 152. 
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Fic. 1—Primary Structure, Natura Size, of Dirrerent Speciat Sreeis. (A) Ni-Cr-Mo 

Steet. (B) Ni-Cr-Mo-V Street. (C) Cr-Mo-V Sree.. (D) Cr-Mo Steer. (E) Cr-Mo Sree. 

fue Wiorn or Eacu PuHorocrarH REPRESENTS THE ToTAL THICKNESS OF THE CASTING FOR 

A, B, C, D, sur OnLy a Portion or THE THICKNEss For E. IN THE Latrer, S INDICATES 

THE SURFACE AND C THE CENTER OF THE CasTING. Micros D anp E, STEEL oF THE SAME 

Composition, SHow a CoaRseR STRUCTURE IN THE THiIckER Castinc E Wuicn Coote 
More SLow-y. 
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Fic. 2—Primary Strucrures IN A 12 Per Cent Mw Sree, Each Grain OF AUSTENITE 
Contains A CHARACTERISTIC DENDRITIC SKELETON. X200. 





aif Bs Fic. 8—SECONDARY STRUCTURE (FERRITE IN NETWORK AND IN GRAINS) AND TERTIARY STRUC- 
my TURE (ACICULAR PEARLITE) IN A 0.20 Per Cent C Cast Steer (as cast). x50. 





‘PORGES DELBART 


Fic, 4—SEcONDARY STRUCTURE (FERRITE IN NETWORK AND IN GRAINS) AND TERTIARY STRUC 
TURE (PEARLITE IN GRAINS) IN A 0.80 Pen Centr C Cast STKEL. (ANNEALED AND COOLED 
SLOWLY). x100. 


Fic, 5—(A) Seconpary Structure rv a Cast HarpENING STEEL DisTINGUISHED By a Troos- 
TITE NETWORK IN A Backcrounp or MaRrensite. (As cast). x25. (B) Same STErFL as IN 
A SnHown Unper HicHer MaGNIFICATION. x400. 
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Fic. 6 A) SECONDARY STRUCTURE IN A Cast HARDENING STEEL DISTINGUISHED BY A FFRRiTE 
NETWORK IN A BACKGROUND OF MarTeNnsITeE. (As cast). X25. (B) Same STEEL as IN A 
SHowN Unpber Hicuer MaGnirication. THe Ferrire 1s CoLLecrep aT THE GRAIN Bounpba 
RIES AND CONTAINS INCLUSIONS AND MICROSHRINKS. X400. 
; 
Fic. 7—SrructurE my a Cast Speciua, Cr-Mo Steet Homocenizep 8 HR. aT 2192°F., On 
QUENCHED aT 1652°F., Drawn aT 1157°F. HETEROGENEOUS SoRBITE IN WHICH DIFFERENCES 
tN Carson CONCENTRATION AppEAR OUTLINING THE Primary DeNprRITIC STRUCTURE. X25. 
i { 
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Fic. 8—(A) STRUCTURE OF A STEEL OF THE SAME TYPE AS IN FIG, 7 TREATED IN THE SAME 

MANNER, THE HETEROGENEOUS SORBITIC STRUCTURE HERE SHOWS THE INFLUENCE OF THE 

PRIMARY STRUCTURE LESS AND THE PHYSICAL PROPERTIES ARE INFERIOR. (B) SAME STEEL AS IN 

4 av A HIGHER MAGNIFICATION. THE SORBITIC STRUCTURE AND THE VARIATIONS IN CARBON 
CONCENTRATION ARE CLEARLY SHOWN, 


TEMPERATURE 
AVERAGE CONCEN TRATION,® OF 





ee 








CONCENTRATION 


Fic. 9—So.ipiricaTIoN DiaGRAM (AFTER GIOLITTI). T: — BEGINNING oF SOLIDIFICATION. 
T: =< EnNp oF So.mrrication. 
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fusion, Portevin recently proposed’ that the structure resulting 
from the decomposition of the austenitic solution during the A;-A, 
interval, which structure is modeled on that of the austenite (Pig 
3 to 6), be designated by the name of secondary or austenitic struc. 
ture. He also proposed that the ferrite-pearlite structure, which js 
formed during the eutectoid transformation (Figs. 3 and 4) be 
known under the name of tertiary structure. These are the desig. 


nations that we have adopted in this paper. 


Primary Structure 

10. The homogeneity of cast steel is evidently in close relatior 
with the primary structure, since the cast steel always preserves 
its solidification structure under a form more or less attenuated 
It is of interest to obtain a solidification structure which is fine or 
unoriented (Figs. 1 and 7). The factors affecting the fineness of 
the solidification structure are of a mechanical, thermal, physical, 


physico-chemical, or chemical’ order. 


11. Of these factors, we will consider those over which the 
steel foundry operator has the ability to exercise ready control, 
for example; thermal, chemical, and physico-chemical factors: 
superheating temperatures and pouring temperatures; the nature 
and purity of the material entering into the melting furnace, a 
factor on which one can not insist too much; the chemical composi- 


tion of the metal; the additions of reducing elements. 


12. It is known that the solidification grain of steel is re 
fined by additions of vanadium, molybdenum, titanium (Fig. 1 
A simple addition of 0.15 per cent of vanadium, for example, de- 
cidedly improves the mechanical properties of a cast steel even 
after a simple anneal without preceding homogenization. It is als 
known that nitrogen refines the grain of ferritic chrome steels. The 
reducing elements, such as silicon and aluminum, added as a late 
addition, act on the solidification grain size and even sometimes 


affect the phenomenon of structural heredity. 


Homogenization 

13. A fine solidification structure being attained, we have 4 
metal in which heterogeneity is at a minimum in the as cast state 
Nevertheless, there does exist an appreciable difference in concen- 


‘Bulletin de l’Association Technique de Fonderie, Paris, Mar., 1933. 
‘Portevin, A., ““Affinage de Structure des Alliages,’ Memoire Presente au Congress 
International de Fonderie de Varsovie. 
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m of the solid solution between the centers of crystallization or 
ritie skeletons which first ecrystalize and the last solidified 
- interdendritie spaces. This fact, visible qualitatively to 
(Fig. 1) or to the microscope in the primary structure 
or in the sorbitie structure (Figs. 7 and 8), has been 


elearly characterized by Giolitti in a diagram (Fig. 9)°®. 


14. In this diagram the point A, gives the average concentra 
tion of the alloy; the point B, the concentration at the erystalliza- 
tion center at the beginning of solidification; the point C, the con- 
centration of the center at the end of solidification ; the point D, the 
concentration of the last layer solidified. The final concentrations 
at the end of solidification C and D tend to approach the average 
concentration due to diffusion when the latter can occur; that is, 
when the temperature of the metal is maintained or raised suf- 
ficiently to permit this diffusion. When the cooling of the casting 
is relatively rapid, the foundryman must employ a later homo- 
genization treatment. 

Table 1 
INFLUENCE OF HOMOGENIZATION TEMPERATURE 
rc Physical Properties ——— 





Homogenization Brinell Hardness Mesnager Resilience = + Km 
Km 7 
8 hr. at 2192°F. 8.0 115 
24 hr. at 1832°F. 6.7 110 
15. Diffusion being more rapid at high temperature, it is to 
the operator’s advantage to carry out the homogenization treat- 
ment at high temperature. The limit, in order to avoid burning, is 
approximately that corresponding to the temperature at the end of 
solidification. In general and for high strength steels (tensile 
strength > 128,000 lb. per sq. in.) it is not advisable to exceed 
2200°F. Moreover, few foundrymen possess furnaces capable of 
assuring a continuous service at that temperature. In addition, 
however slightly, oxidizing the furnace atmosphere may be, the 
oxidization at high temperature causes serious damage to the 


castings, 


16. The length of the homogenization treatment depends on 
the temperature. Table 1 gives the test results obtained for homo- 
genization carried out under different temperatures and _ times, 
other factors being equal. 


‘Giolitti, F., “Le traitment thermique preliminaire de Vacier doux et demidurs,” 
Traduction francaise de Galibourg, Dunod editeur Paris. English addition published 
by McGraw-Hill Book Co. 
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17. The values in Table 1, the averages of results obtained op 
six different castings, prove that homogenization is much more 
rapid at 2192°F. than at 1832°F. The results after homogenization 
for 8 hr. a 2192°F. being better than those obtained after treat. 


ment at 1832°F. for 24 hr. 


18. Conforming to this test we have adopted for pieces of 
average thickness in nickel-chrome, nickel-chrome-molybdenum and 
chromium-molybdenum high strength steels, containing from 0.30 


to 0.40 per cent carbon, the following simple rule: 


D = 124 — 0.1T 


using the time D in hours at the temperature T in degrees centi- 


grade 


19. Naturally, other rules may be considered, depending on 
the result desired. One French specification prescribes a homo- 
genization annealing at a temperature of 1832°F. or above for 
a period of 6 to 12 hr., the time being determined by the thickness 


of the castine being treated, 


REFINEMENT OF SECONDARY AND TERTIARY STRUCTURES 

20. There is a general advantage in following the homogeni- 
zation anneal by an air quench so as to derive full benefit from 
the refining of the tertiary structure resulting from the rapid 
passage through the interval A3;— A,, either by granulation of 
the austenite grain or by using a partial or total hardening. 


FINAL TREATMENT 
21. The action of the final treatment depends primarily on 
the chemical composition. This is a well-known fact on which we 
do not need to dwell except to make a few remarks of particular 


application to cast steels. 


22. The hardening property of steel is considerably increased 
by certain elements, principally nickel, molybdenum and chro 
mium. Metallurgists now can control the chemical composition of 
a steel destined for water, oil, or air quenching to obtain a homo- 
geneous hardness throughout its entire mass. But the foundry- 
man should not forget that an element favoring the penetra- 
tion of hardness is capable of acting unfavorably on_ the 
fineness of the primary structure, at least in certain instances. 
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foundryman then should employ combinations of alloys which, 

the combination of the various elements, produce both fineness 
structure and hardening, in accordance with the dimensions of 
the casting and the method of cooling Jikely to be adopted. There 
are still a great many points to be cleared up and there remains 


, vast field to be explored. 


a 


23. Another important factor relating to hardening, much 
discussed lately, is the ‘‘grain size.’’ This is best determined by 


the method proposed by McQuaid and Ehn. The ‘‘grain size’’ or 


dimension of the grain of austenite, has only a limited and econ- 
ventional significance’. It only represents a point of the curve 


N =f (et), in which N represents the number of austenite grains 


per unit of surface for a heating temperature 6 = 1697°F. and a 


duration of heating t=8 hr. 


24. In spite of possible restrictions, the knowledge of the 
austenitic grain size, depending always on the manufacturing 
method of the metal, is of undeniable interest in forged steels. 
In cast steels, grain size has a different significance and, according 
to Portevin’s formula, it characterizes the aptitude to regeneration 
in east steels, whereas it indicates the resistance to superheating 
in forged steel. On the other hand the addition of aluminum, 
which tends to refine the austenite grains in forged steel, on the 
contrary facilitates the phenomenon of ‘‘ingotism’’ in cast steels 
in which the primary structure persists®. 


HARDENING 


25. Water, and even oil quenching of cast steels seems to be 


feared by many people. Certainly the use of self-hardening steels 
gives a good and safe solution. Yet this is not a reason for reject- 
ing other means of hardening and the use of low alloy steels. 


26. The problem is to establish a compromise between the 
kind of castings to be made, the specifications, the chemical com- 
position of the steel, and the hardening method, in a manner 
to avoid internal cracks when hardening. A French specification 
orescribes quenching in water by immersion, or spraying, of large 
castings of manganese-chrome steel with a low carbon content. 
Oil quenching gives good results when applied to all kinds of 
castings of nickel-chrome and chrome-molybdenum steel which are 


‘Portevin. Metal Progress, Aug., 1937, p. 166. 
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not self-hardening. There is a need, naturally, in rapid cooling 
to provide special mountings for castings susceptible to 
deformation. 


27. Rapid cooling has an unfavorable action on steels pre- 
senting microshrinkage and particularly on hard steels sensitive 
to notch effects. This action manifests itself in a lowering of the 
physical properties when the operations of quenching and dray- 
ing are repeated, although normally these treatments improve 
the quality. For example, it may be stated that, all other condi. 
tions being equal, a steel oil quenched and drawn to a hardness 
of 330 Brinell gives, after the first treatment, a Mesnager resili- 
ence of 5 to 6 kgm., and after a second treatment 4 to 5 kgm. only. 
The repetition of quenching operations ought not to be under. 


taken without previous checking. 


FRENCH SPECIFICATIONS 
28. An examination of the specifications of a country en- 
ables the formation of an opinion on the practical status of the 
technical problem. Table 2 gives the properties specified by the 
A. F. N. O. R., the French Heat Treaters Association, for east 
nickel, nickel-chromium and nickel-chromium-molybdenum steels*. 


Table 2 
TECHNICAL SPECIFICATIONS OF THE A. F. N. O. R. 


—_——— Physical Properties 


Tensile Elastic 
Elements, ——, Strength, Limit, Elonga- Resi! 
Per Cent lb. per lb. per tion,  ienci 
No. Designation Vi Cr Mo sq. in. sq.in. PerCent K.U! 
71,100 51,200 18 9 
I Ni, 2 to 
per cent 1.80 - awe 85,300 
102,400 74,000 ll 5 
II NiCr, to 
semi-hard 1.50 0.5 see 125,100 
128,000 106,700 4 6 
II! Ni-Cr, Self- to 
Hardening 8.20 1.20 0.2-0.5 156,500 


29. These specifications are reasonable on the whole. In our 
opinion, they are not the maximum, particularly for class III, 
so we have made it a rule that the values given are an absolute 
minimum and we would expect a higher average. A certain dis- 
persion of results must be expected in cast steel especially in the 


*For nickel cast steels see: Galibourg, Centre d’Information du Nickel, Paris; Pub 
lications A-14 and A-81, Bureau of Information on Nickel, London; “The Properties of 
Some Cast Nickel Steels,’ by Zima, A. G., Transactions, American Foundrymen'’s 
Association, Vol. 41, (1933) pp. 199-223. 
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tensile test for hard steels. Certainly results higher than these 
viven may be obtained, but it is well not to form an opinion on 
isolated tests or performances even if they may be reproduced once 
or twice. Cast steels will present for a long time to come a greater 
degree of heterogeneity than do the forged steels, but this is some- 
times compensated for by the monolithic form which gives the 
castings a continuity advantageous in comparison with assemblies 


of forgings. 


30. Chrome-molybdenum-vanadium and even simple chrome- 
molybdenum steels, contrary to the beliefs of certain authors, can, 
by proper handling and heat treatment, show good physical prop- 
erties. This can be seen in Fig. 10 which gives a statistical report, 
based on 100 but determined on 200 casts, of the quality index 


Bhn 
+ 3 Mesnager resilience. This equation defines cor- 


9 


od 
rectly the specific value of a cast steel. The greatest frequency 
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for 


the 
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chrome-molybdenum steel] 


mentioned is 


attained 


With 


i= 125 to 130. The value limits equal to 110 and 140 are also hig} 


31. 


To complete the information given in this figure, it js 


desirable to add a table established in the same manner for the 


index, tensile strength +- 2.5 


soundness of the metal. 


elongation, which characterizes the 


We are only able to give (Table 3) som 


specifications relative to a few castings, one of good quality B and 


the other of superior quality S. 


Often in the same east the tensile 


test results vary to a considerable degree, while the resilience tes 


gives more constant 


values. 


Table 3 only casts of steel possessing good soundness. 


Therefore, we have chosen to use j 


Table 3 
PHYSICAL PROPERTIES OF Cast CR-MoO STEELS 
Tensile Elastic 
Brinell Strength, Limit, Elongati 
Hardness lb. per sq. in, lb. per sq. in. Per Cent 
Mark A R oH A 
z B 800 to 310 135,100 to 142,200 116,600 to 122,300 7tol 
~ 300 to 310 139,400 to 146,500 122,300 to 128,000 8 tol4 
Reduction 
of Vesnager - K 
Area Resilience Resilience a , 
Vark >» Km K UF R* +-2.5A 3 
B 20 to 40 6to 8 5 to6 115 to 180 120 to 125 
bs) 20 to 47 8 toll 6to8 115 to 130 130 to 135 
*R is in Kg. per mm?., not in Ib. per sq. in. 

32. It will be noted that the index R + 2.5A alone does not 
wad possess any significance when determined on coarse grain stee 
eee s j j ic] 
Bet eh) (annealed or superheated state), having intergranular vents whic! 





. 
Me | > 
tt D vf 
: 


A 
are exposed by the tensile test. Likewise, the index, — + Km or 


3Km? alone has only a relative value because the resilience test 
does not always reveal clearly the presence of microshrinks. It is 


of advantage in the establishment of a specification to first make 


: statistical tables similar to those of Fig. 10 for the two indexes 


previously mentioned. We need not emphasize on the elastic limit 


which, in the steels considered, is normally high. 
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bon steels. 


Besides the hard and semi-hard steels of high physical 


*Francois Le Chatelier, Revue de Metallurgie, May, 1936. 


molybdenum or chromium-molybdenum soft steels. The latter are 


properties, there is a tendency in France to use cast steels of low 
alloy content which have better properties than the ordinary car- 
Examples of these are manganese-chrome steels and 
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ised principally as metals having a high creep limit. Their char- 


ristics are as shown in Table 4. 


Table 4 


PuysicAL PROPERTIES OF Cast Streets Havina Low ALLoy 


CONTENT 
Tensile 
( Un Mo Strength 
c c 


Designation %e ‘ lb. per sq. in. 


Mo steel 0.20 to 0.25 0.8 . 0.4 to 0.5 66,900 to 71,100 
Cr-Mo steel 0.20 to 0.25 0.8 0.40 to 0.50 0.3 to 0.4 78,200 to 85,300 
Cr-Mo steel 0.20 to 0.25 0.8 0.40 to 0.50 0.3 to 0.4 78,200 to 85,300 
Elongation Resilience Creep Limit + 3K R*4+-2.5A4 
Per cent 
Sq. in, 
E A K UF 
49,800 to 51,200 18 to 25 9 toll 24 to 25 7T8to 82 95 to 115 
52,600 to 55,500 20 to 24 10 to 12 95 to 105 119 to 126 
52.600 to 55,500 20 to 24 6to 7 > 24 75 to 80 109 to 110 


*R is in Kg. per mm*, 
Nore: No. 2a water quenched and drawn after homogenization. No. 1 and 2b air 
quenched and drawn after homogenization. 


34. The dispersion of results in the tensile test on soft and 
semi-hard steels is much less than on the hard steels. We believe 
that this can be attributed to a lesser influence of microshrinkage ; 
that is to say, to a lower notch effect rather than to a lesser fre- 
quency of the defect. In effect it is possible to prepare the classes 
Il and III of Table 2 with the same nickel-chrome-molybdenum 
steel. Annealed to a tensile strength of 106,700 lb. per sq. in. this 
steel gives less dispersion than if it is treated for strength of 
135.100 Ib. per. sq. in. 


35. We conclude with this last observation, an earnest ex- 
hortation to the writers of specifications to make a distinction 
between cast steel and forged steel and to take into account the 
particular characteristics of cast steel, principally of hard east 


steel, in the preparation of technical specifications. 


DEFINITIONS 


36. The physical properties mentioned in the test are defined 


below : 
R=—tensile strength. 
E—elastie limit for a permanent deformation of 2 per 
cent. 
A=elongation in per cent, measured on a convenient 
length according to the formula of the French ar- 
tillery : 


L = \/ 66.675 
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s being the section of the test specimen. 


- reduction of area according to the formula: 
s Ss 
x 100, in which 

N 


S=initial section of the test specimen. 


§ section of the constricted part of the fracture. 


Km=Mesnager resilience of a specimen 1.0 x 1.0 x 5.5 em. 
0.3937 x 0.3937 x 2.1654 in.) notched 2 mm. (0.07874 
in.) deep, finished with a radius of 2 mm. (0.03937 

in 
K UF=resilience according to the Unified French specifica- 
tion, on a specimen 1.0 x 1.0 x 5.5 em. (0.3937 x 
0.3937 x 2.1654 in.) with a notch 5 mm. (0.19685 in. 
deep, finished by a radius of a mm, (0.07874 in. 
Brinell hardness, 3000 Kgs. load on a ball of 10 mm. 


diameter. 


F,=creep limit, 0.0015 permanent deformation between 
the 25th and 35th hr. at 400°C. (752°F. 








Recommended Practice for Sand Cast 
High Lead Bronzes 


Preface 


This is the fourth in a series of recommended practices 
being sponsored by the Non-Ferrous Division of the Amer- 
ican Foundrymen’s Association, the first being issued in 
1934 (Transactions A.F.A., vol. 42, pp. 1-26), the second 
in 19386 (Transactions A.F.A., vol. 44, pp. 38-50) and the 
third in 1938 as (A.F.A. preprint No. 38-4). Others cover- 
ing the various groups of alloys listed in the Cast Metals 
Handbook (A.F.A. 1985), Non-Ferrous Section, will be 
prepared and published in the future. 

Although the various practices which are treated are 
recommended by those considered specialists in the various 
fields, these practices are not intended as specifications. 
The alloy numbers have no particular significance other 
than to differentiate alloys in this particular specification. 
Wherever possible, those numbers are identified with 
existing alloy specifications. 

The publishing of data relative to various alloys and 
treatment of such alloys by the American Foundrymen’s 
Association, does not insure anyone using such data 
against liability for infringement of any patents that may 
now exist or are pending. It should also be understood 
that the publication of data concerning patented alloys or 
processes does not constitute a recommendation of any 
patent or proprietory rights that are involved. 

In preparing these recommendations, the Division has 
attempted to collect, through reliable sources, such infor- 
mation as will be of practical use to foundrymen handling 
non-ferrous alloys. 

This report is limited to sand cast high lead bronzes 
and is divided as follows: 

A. General Recommendations 
1. Molding—(a) Sand, (b) Facing, (c) Gating and 
Heading (d) Cores. 
2. Melting and Pouring—(a) Types of Melting 
Equipment, (b) Precautions, (c) Fluxing and 
Deoxidizing, (d) Melting and Pouring Range. 


Nore: This Recommended Practice was originally presented at the annual business 
meeting of the Non-Ferrous Division at the Cleveland Convention, May 16, 1938 and 
—_ released for Publication as a Recommended Practice, following the meeting of the 
Non-Ferrous Division Recommended Practices Committee at The 1939 Cincinnati Con- 


vention, May 15, 1989. 
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Finishing. 

4. Heat Treatment. 

5 Defects, Their Cause and Prevention—(a) Melt. 
ing Defects, (b) Pouring Defects, (c) Molding 
Sand Defects, (d) Dumping Defects, (e) Cleaning 
Defects, (f) Defects Caused by Impurities in the 
Metal. 

b Properties and Applications 

1. Chemical Control Limits. 

2. Typical Properties of Sand Castings. 

8. Conforming Specifications. 

4. Development and Field of Use. 


Non-Ferrous Division Committee on Recommended Prac- 


tices: 

T. D. STAY, Chairman J. A. GANN 

W. M. BALL, JR. H. B. GARDNER 
J. W. BOLTON C. V. NASS 

J. D. BURLIE H. J. ROWE 


T. C. Watts 


A. GENERAL RECOMMENDATIONS 


1. Molding 


(a) Sands. The high lead alloys, particularly the alloy 80 
per cent copper, 10 per cent tin, 10 per cent lead (No. A-42), with 
phosphorus added, possess the property of penetrating deeply into 
the sand unless materials are used as facings to prevent it. Satis- 
factory sands for these alloys are those falling within the A.F.A. 
classification 2E to 1F. Coarser sands are not recommended unless 


a suitable facing is used to prevent metal penetration. 


The above sands should provide the following physical char- 


acteristics : 


Compressive Strength, lb. per sq. in. ............ 4- 8 
, i fS ot 5- 25 
Clay Content—per cent ...........ceccecccevees 10- 20 
Paes Pee. CR) si cinswetaivadesaxsd 150-230 


Sands providing the above characteristics will be found t 
give a smooth finish to the castings and are open enough to allow 
the escape of steam and gases from the mold when making small 
castings. However, it will be found necessary to vent molds freely 
for heavier castings. 


For extremely heavy castings or castings of intricate design, 


it 1s sometimes found advantageous to make dry sand molds. 
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(b) Facing. The facing recommended for high lead alloys 
s the best grade plumbago available. Cheap grades of plumbago 
are likely to cause more harm than good. 


¢ Gating and Heading (See Fig. 1). Gating of the high 
ead alloys is of the simplest brass or bronze variety. For heavy 
castings, it is found advantageous to make the sprue and gate in 
core sand. This is to prevent washing of sand from sprue or gate 
into the mold cavity. Skimmer cores also may be employed to hold 


back dross and prevent its entry into the mold. Gates should be 
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eut so that they are smaller than the sprue to allow the sprue to 


be kept full during pouring. 


High lead alloys have a long range of solidification due to their 
complex composition and are not entirely solid until the freezing 
point of lead is reached (621°F.). For this reason, apparent shrink- 
age of the casting is slight and what shrinkage there is, is distrib- 
uted over a large area as an inter-crystalline shrinkage rather than 


as a single void in the casting. 


This happy property is taken advantage of by most high lead 
bronze founders and only the heavier castings are found to need 
risers. Castings so made, make excellent bearings as the openness 
of the metal creates cavities which greatly assist in maintaining an 
oil film on the bearing surface. However, these castings are made 
at a sacrifice of physical properties and, should maximum physical 
properties be required in the casting, ample provisions for proper 
risers and gates should be made and in general a lower pouring 
temperature should be used. Gates and risers should be adjusted so 
that the casting will solidify at a uniform rate in thin and heavy 
sections. Risers should have sufficient volume to remain liquid 
while the casting is solidifying. If cavities appear in the casting 
after the removal of the risers, then either the risers were too small 
or the metal in them was too cold and solidified before the casting. 
A small amount of 14-in., graded charcoal placed on the top of 
the riser helps to prevent the air from cooling the riser too rapidly. 


High lead alloys are hot short and frequently cracks will oc- 
eur in the cold castings at the intersection of light and heavy sec- 
tions. This condition can be overcome by increasing the fillets at 
such junctions or by placing a riser on the heavy section and gating 


into the light section. 


In general, it may be said that light castings do not require 
risers while heavy castings need risers to prevent shrinkage cracks 
and depressions on the surface. This will usually apply to bearings. 
Other castings, particularly pressure castings, require more care 
in the placing of gates and risers to insure maximum soundness. 

(d) Cores. All cores should be well vented and covered with 
plumbago to prevent metal penetration. Any typical general pur- 
pose core mixture providing the desired permeability and strength 
may be used. 


OMMENDED PRACTICE 


Melting and Pouring 


a) Types of Melting Equipment. All forms of melting 
equipment, including oil, gas or coke fired crucible furnaces; elec- 
tric furnaces; oil or gas-fired, open-flame, stationary or rotary 
furnaces, and even cupola furnaces, can be successfully used to 
melt the high lead bronze alloys. 


(b) Precautions. Certain types of furnaces are most readily 
adapted to the production of metal free from absorbed gases and 
oxidation than others. Furnaces of this type are those in which the 
metal does not come in contact with the fuel or the products of 
combustion, such as in the crucible type of furnace. By placing a 
cover on the crucible or a flux on the metal, or both, little oppor- 
tunity is given the metal to absorb gas or become oxidized. 


The color of the flame in an open flame furnace is the best 
guide to the condition being maintained in the melting furnace. 
For the most satisfactory results, the furnace atmosphere should be 
maintained as nearly neutral as possible. A green flame denotes an 
oxidizing atmosphere which will result in excessive oxidation of the 
metal. A flame that is too yellow or smoky indicates a reducing 
atmosphere and one which may result in gas absorption by the 
metal. 


Both solid and gaseous fuels are sometimes high in sulphur 
and, to prevent contamination from this element, it may be found 
necessary to employ a slag covering for the metal. Ordinary bottle 
glass will serve very well. 


Refractories should be of high quality and resistant to the 
corrosive action of the metals and their oxides. 


Preheating of air or fuel, or both, will give faster melting and 
less time and opportunity for the metal to become contaminated 
during melting. 


(ec) Fluxing and Deozxidizing. Soda ash, borax, glass, char- 
coal, phosphor tin and phosphor copper are the fluxes most com- 
monly recommended for use with high lead bronzes. Soda ash and 
borax are used to collect and make for more fluid slags. Since too 
fluid slags are difficult to skim, these materials should be used 


carefully. Sand or glass is often added as a means of controlling 
the slag fluidity and at the same time appears to reduce the attack 
of the soda ash and borax on crucibles and furnace lining. 
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Although chareoal is so often recommended as a protective 
flux during melting, there is always a danger of introducing gas 
into the metal, particularly if the charcoal is moist or only partly 
burned. A slag composed of soda ash, borax and sand or glass js 
therefore recommended, the mixture to be that which best suits the 


conditions of the individual foundry. 


Phosphor-tin and principally phosphor-copper are used to de- 
oxidize these bronzes. Metal deoxidized with phosphor-copper will 
be found to be more fiuid with the formation of little dross during 
pouring. It can be added in the ladle immediately before pouring 


or in the furnace charge, whichever experience shows to be best. 


Zine is sometimes added to alloy A-42 to increase the fluidity 
and has moderate deoxidizing powers. The amount of zine added 
is limited by the specification, in this case a maximum of 0.5 per 


eent being permitted. 


d) Melting and Pouring Range. In making these alloy: 
from virgin metal, the copper should be melted first and then the 
lead added, followed by the tin and zine and finally phosphorus 
as phosphor-copper. If the phosphorus content is high, some is 
added after the lead and the remainder just before pouring. If 
mixed scrap is used, heavy pieces are melted first and so form a 


bath for the smaller pieces or turnings. 


Melting of these high lead bronze alloys actually starts at 
621°F., the melting point of lead. No definite pouring temperature 
ean be given for any one alloy as this will depend on the nature of 
the mold and the size of the casting. The lowest practical pouring 
temperature is about 1750°F., although the average is about 
2000°F. The following table indicates the permissible variations 


in the pouring temperatures of the various alloys under consider- 


ation. 
Alloy Pouring Range 
A 41 1900 to 2300°F. 
A 42 
Phosphorus 
0.0 — 0.02 per cent 1900 to 2200°F. 
0.10 — 0.20 per cent 1840 to 1900°F. 
0.50 1.00 per cent 1750 to 1840°F. 
A 43 1850 to 2200°F. 


A 44 1850 to 2200°F. 
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Temperature measurements are best made with a pyrometer 
, a suitable scale calibration to cover the range of temperatures 


mployed. Such an instrument may be equipped with either an 
open or closed end thermocouple, the latter either with or without 
a protective tip, depending on the preference of the operator. When 
using an unprotected-tip couple, care must be exercised to prevent 
bridging of the wires with a metal or oxide film. By immersing the 
wires to a depth of 4 to 6 in. until they have reached the metal 


tery 
Lell 


perature and then withdrawing them quickly until the tips re- 


main just under the surface, reading the instrument at this time, 
will help to eliminate errors due to this condition. For this reason, 
modern protected tip couples are finding increasing favor for use 
with brass and bronze. 


3. Finishing 


High lead bronze castings may be trimmed in much the same 
way as other non-ferrous castings. Gates and risers are preferably 
removed with a metal band saw. Breaking these off while the metal 
is still in the hot-short state is also practiced, although this pro- 
cedure requires considerable care to produce a fracture that is not 
too close to the casting. When gates and risers are inaccessible or 
are too large for sawing, they can be readily removed by chipping. 


Cleaning may be accomplished by tumbling and by blasting. 
The latter method is particularly satisfactory, using either sand or 
steel grit as the blasting material. 

Such final cleaning as may be necessary can be done with the 
usual chisels, files, and grinding and polishing wheels provided for 


this purpose. 


4. Heat Treatment 


Heat treatment has little effect on the physical or mechanical 
characteristics of these alloys and, therefore, is not used com- 
mercially. 


». Defects, Their Cause and Prevention 


(a) Melting Defects 


1. Gas inclusions in castings may be due to the absorption of 
reducing gases during melting and which are released on solidifica- 
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tion of the metal. Such inclusions are revealed as bright, round 


holes on machined or fractured faces. 


Prevention—Maintain as nearly a neutral atmosphere as pos 
sible in the furnace during melting. Fuels high in sulphur some. 
times cause eas holes. 

2. Dross Inclusions, which may be due to oxidized metal, are 
revealed on machined or chipped surfaces as greenish colored areas 


or in fractures as red to dark brown inclusions. 


Prevention—Melt under a neutral atmosphere or, if metal is 
known to have been oxidized, flux with phosphor-copper, the 
amount depending on the degree of oxidation. Molten oxidized 
metal is easily distinguished by its tendency to dross heavily on the 
surface. It appears colder than unoxidized metal when at the same 
temperature and pours with less fluidity and considerable dross 
forming on the sprue head. Dendritic fractures are sometimes 
caused by oxidized metal. A ring of holes at about 3/16-in. depth 
found against a dried sand surface has been known to have been 
eaused by oxidized metal rather than by excess moisture. Dis 
colored fractures are frequently due to the intercrystalline shrink 
age which permits the access of oxidizing gases, thus turning the 


erystal surfaces various colors, 


(b) Pouring Defects 


1. Misrun or mold cavity incompletely filled denotes too low 
a pouring temperature for the design of casting and its gating 


methods. 


Prevention—Pour at a higher temperature. 

2. Cold shut or apparently cracked castings which on frae 
ture reveal an area or line along which the metal has failed to 
join, can be caused by too low a pouring temperature, pouring too 


slowly or a stop in the pouring. 


Prevention is indicated by the causes. 


3. Sand wash, fins, excessive burning in and castings gen- | 
erally hard to clean may be defects caused by pouring at too high 
a temperature. ( 
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Prevention—Pour at the best determined temperature. 
{ Dross and dirt inclusions may be caused by careless pour- 


skimming, or lack of deoxidation as well as other causes. (See 


dross inclusions under Melting Defects. ) 


Prevention—Pour steadily, skim thoroughly and pour as close 


to the sprue head as possible. 
c) Molding Sand Defects 
1. Shift caused by cope and drag fiasks not matching. 


Prevention—Keep flasks and pins in good condition. 
2. Crush caused by a drop of an area of the mold surface 
into the mold cavity on closing mold or in placing of weights on 
the mold. 

Prevention—Close molds more carefully and investigate sand 
conditions and condition of bottom boards and flasks. 

3. Variation in wall thickness may be caused by shift of 
flasks or careless molding. 

Prevention—More careful molding. 

4. Sand wash is a result of soft ramming, weak or wet sand. 

Prevention—Ram harder, use a facing and investigate sand 
conditions. 

5. Sand blow may be caused by wet sand, sand too close, or 
improperly vented mold. 

Prevention—Maintain sand at proper moisture, use a more 
open sand or vent more freely. 

6. Core blows are generally caused by damp cores or badly 
vented cores. 

Prevention—Dry cores thoroughly and vent more freely. 

7. Scabs result from uneven ramming or loose sand in mold. 

Prevention—Ram evenly and thoroughly clean mold. 

8. Burning into sand is often caused by soft ramming or 
sand too coarse and open. 

Prevention—Suitable ramming, use of correct grade of sand, 
or both. 

9. Burning into cores is caused by wrong core mixture or 


core too open. 
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Prevention—Use correct core mixture and blacken cores 


10. Shrinkage cracks or cavities may be caused by misplac 


al 


ing of gates and risers or the use of risers that are too smal! 


Prevention—Study nature of castings as to wall thickness and 
filletting and then decide the best possible manner of gating and 


heading. 


d) Duinping Defects 


1. Lead sweat is caused occasionally by removing castings 
from the sand at too high a temperature. Lead sweat of this nature 


will not usually cause serious casting defects. 


Prevention—Allow the casting to cool to a lower temperature 
before removing from the sand. Lead is liquid in the easting until 
it reaches a temperature below 621°F. 


2. Cracked or broken castings are often caused by careless 
handling when castings are removed from the sand while in the 
hot short condition. 


Prevention—Exercise more care when removing castings from 
sand and allow to cool longer in the mold before removal. 


(e) Cleaning Defects 


All cleaning defects are caused by careless handling of the 
cleaning equipment, fracturing gates and risers into the casting 
itself or from insufficient knowledge of the size and shape of the 


easting. 


(f) Defects Caused by Impurities in Metal 


1. Phosphorus, in addition to being beneficial as a deoxidizer 
and densifier of bronze, may be a harmful impurity unless its 
presence is known. It causes excessive shrinkage, burning into 
sand, and fusion of the sand to the surface of the castings making 
them difficult to clean and machine. As low as 0.03 per cent phos- 
phorus in the alloy A-43, will cause excessive burning into sand 
and excessive shrinkage when the castings are poured at normal 
temperatures. 


2. Silicon may be classed as the most harmful of impurities 
in high lead bronze. Its presence may sometimes be detected easily 
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‘n the molten metal due to dark patches of dross continually rising 
to the surface. When a casting is being poured, a swirling of light 
white material occurs in the sprue. When the castings are removed 
from the sand, they have the appearance of having been white- 
washed. The surface will be very rough, coated with a white sili- 

us material and accompanied by much lead sweat. The fracture 
of a leaded bronze containing silicon is golden to red brown in 
color, dendritic and usually with a separation of the metal along 
the length of the casting. The openness of the metal allows the 
ad to sweat freely. Even traces of silic hi should be avoided, 

3. Aluminum is almost as harmful as silicon. Its presence 
may be detected in the molten metal by the strength of the oxide 
film which forms on the surface of the metal. The resultant east- 
ings will be silvery white in appearance and appear to be worm- 
eaten with the characteristic dross of aluminum bronzes. Aluminum 
causes a similar structure to that of silicon which will be dendritie, 
causing the lead to sweat from the easting. Even traces of alu- 
minum should be avoided. 


4. Antimony causes no outward defects but tends to a den- 
dritic fracture and should not be allowed in bronze in amounts in 
excess of 0.75 per cent. It has the property of increasing the re- 
sistance to pounding of the bronze but its resistance to impact is 
decreased. If added in excessive amounts, antimony will make the 
bronze brittle. It is better to keep this element as low as possible, 


0. tron, if present in large amounts, causes hard spots, thus 
making the castings difficult to machine. It may be found both in 
solution or in the free state and solution. It is known to cause 
excessive internal shrinkage and discolors the alloy fracture yellow 
red to brown. 


6. Sulphur should be kept to a minimum as it causes pin- 
holed or gassed castings. Fuels are the usual source of contamina- 
tion with this element. Contamination should be guarded against by 
the use of a flux or covering for the metal during melting. It is 
best to specify a low sulphur content when purchasing fuel for 
melting purposes. The determination of sulphur in bronze is a 


very simple matter, the usual evolution method as for steel giving 
sufficiently accurate results. 
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B. PROPERTIES AND APPLICATIONS 


1. Chemical Control Limits 


Table 1 
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(CHEMICAL CONTROL Limits FoR SAND Cast Higu Leap 


BRONZE CASTINGS 


A.F.A. Alloy No. A 41 A 42 A 43 A 44 
Copper—percent Minimum 84 79 72 70 
Desired 85 80 73 70.5 
Tin—per cent Minimum 4,25 9 7 5.25 
Desired 5.00 10 8 6 
Maximum 5.75 11 9 6.75 
Lead—per cent Minimum g 9 13.5 18 
Desired 9 10 15 20 
Maximum j10 11 16.5 22 
Zinc—per cent Minimum 905 1 0.5 
Desired j ae 1.5 1 
Maximum 92 6.50 2 1.5 
Phos.—per cent Minimum 0.05 
Desired __ ae hada de 
Maximum 901 1.00 0.05 0.05 
Antimony—per cent 0.25 0.50 1.00 1.00 
Maximum 
Iron—per cent Maximum 0.25 0.25 0.25 0.25 
Nickel—per cent Maximum 0.50 0.25 0.50 0.50 
Sulphur—per cent 0.08 0.08 0.08 0.08 
Maximum 
Aluminum—per cent 0.005 0.005 0.005 0.005 
Maximum 
Silicon—per cent 0.03 0.03 0.03 0.03 
Maximum 
Other than copper, tin, lead, 0.50 0.50 0.50 0.50 


zine, antimony, and nickel 
-per cent 


‘These compositions apply to the alloys in ingot form. 


The mechanical properties listed in Table 2 are based on 
machined specimens cut from the test castings. The castings were 
made in dry sand molds without facing or blackening. The pattern 
was equipped with permanent gates to eliminate variations due to 
hand cutting. The pouring temperature in the case of alloys A 41, 
A 43, and A 44 was 1900°F. The pouring temperature of test 


i 
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Typical Physical Properties of Sand Castings' 


TypPICAL PHYSICAL 


A.F.A. Alloy No. 
Ultimate Tensile Strength,? 
lb. per sq. in. 
Proportional Limit in Ten- 
sion,? lb. per sq. in. 
Yield Strength in Tension,? 
lb. per sq. in. 
Elongation in 2 in.2— 
per cent 
Reduction in Area°>— 
per cent 
Compression of 
lb. per sq. in. 
Compression of 
lb. per sq. in. 
Compression at 100,000 lb.3 
per. sq. in.— in. 
Modulus of Elasticity, 
lb. per sq. in 
Brinell Hardness No. (500 
Kg. load—100 mm. ball) 
Patternmaker’s Shrinkage, 
in. per ft. 
Specific Gravity 
Weight—lb. per cu. in. 
Izod Impact Resistance, 


lb.4 


0.001 in.,3 


0.1 im.% 


* Mechanical properties based 
to be used for specification. 

2? Tensile specimens machined 
section. (See Fig. 2). 


’ Compression specimens machined to 1,.128-in. 
specimens machined to standard 


* Impact 


x 10 mm. with 45° V-notch. 


Radius not less 
Note :-TheGagelength, ang 


PROPERTIES OF SAND Cast HicH LEAD 


kk 
I 


Table 2 


BRONZES 


A 44 
— to 
27,000 
5,000 to 
8,000 
13,000 to 
16,000 


A 41 
25,000 to 
34,000 
7,000 to 
9,000 
14,000 to 
15,000 


A 42 
27,000 to 
33,000 
9,500 to 
11,509 
18,500 to 
20,000 


A 43 
25,000 to 
30,000 
6,000 to 
9,000 
14,000 to 
17,000 
15 to 25 7 to 12 11 to 20 10 to 16 
12 to 20 
10,500 to 
12,000 
29,000 to 
35,000 
0.34 to 


8 to 13 
12,500 to 
15,000 
45,000 to 
47,000 
0.27 to 
0.30 


11 to 15 
12,000 to 
15,000 
38,000 to 
40,000 
0.30 to 
0.33 


9to14 
11,000 to 
14,000 
32,000 to 
35,006 
0.35 to 


8,800,000 


45 50to70 45to65 40t0 55 
is Ys 
9.4 9.6 


0.335 0.337 


3 
16 
8.9 
0.322 


on specimens machined from test castings and not 


to provide standard %-in. diameter by 2-in. gage 


diameter by 1-in. high. 


Izod cantilever dimensions, 10 mm. 


———— | oe 





Paralle] Section, and 
Fillets shall be as 
Shown, but the Ends 








Paralle/ Section 























may be of any Shape 
fo fit the Holders of 
the Testing Machine 
in such a Way that the 
oad shall be axial. 


Fic. 2 


Gage Length 
for Elongation 
after Fracture 


— DIMENSIONS OF MACHINED SPECIMENS 
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blocks in alloy A 42 varied with the phosphorus content, from 


1900°F.. in the case of a melt where phosphorus was added only as ; 
a deoxidizer and therefore present in the minimum amount per. 
missable, to 1750°F. with 1 per cent phosphorus present 
3 Conforming Specrfications 
Table 3 
CONFORMING SPECIFICATIONS FOR Sanp Cast High LEAD Bronze 
Alloy A 4) American Society for Testing Materials No. 
B-30-36, Grade 15. 
American Society of Automotive Engineers, 
Alloy No. 66. 
Alloy A 42—American Society for Testing Materials No 
B30-36, Grade 16. 
American Society of Automotive Engineers, Al- 
loy No. 64. 
Alloy A 43 American Society for Testing Materials No. 
B30-36, Grade 18. 
Alloy A 44—American Society for Testing Materials No. 
B30-36, Grade 20. 


| Field OT l S¢ 


The high lead alloys provide excellent anti-frictional qualities 
As a result of these superior properties, they have replaced the 
pure tin bronzes for many bearing applications where lubrication 
is not of the first order and climatic conditions are severe, such as 
in railroad bearings. The high lead alloys also are used success- 


fully for acid resisting castings in the mining and paper industries 


Alloy A 41 is used principally for small bearings, such as 
automotive bearings and bushings, particularly those to be machined 
by broaching. Alloy A 42 is used for heavy pressure castings which 
are to be finished by methods other than broaching. Alloy A 48 
is used as a general utility bearing bronze, for acid-resisting cast- 
ings and locomotive wearing parts. Alloy A 44 is used principally 
for journal bearings and bearings operated at high speeds and 


moderate pressures. 





Atmosphere Gases for Malleable Iron Annealing 
and Their Application 


By JouHn Dow,* Derrorr, Micu. 


Abstract 

The manufacture and general properties of the more 
commonly used atmosphere gases are discussed briefly. 
Tests are described and results given of the action of car- 
burizing and decarburizing atmospheres on machined and 
unmachined surfaces of iron. Results on machines’ faces 
indicate a carburizing gas slightly increases the graphitiz- 
ing rate of the layer of iron affected by the gas, and that 
a decarburizing gas markedly reduces the rate of graphi- 
tizing. Results on unmachined surfaces indicate a slower 
graphitizing rate in the sub-surface layer than in the core 
iron irrespective of the type of gas used. The application 
of atmosphere gases to production annealing of both regu- 
lar and pearlitic malleable is discussed. Furnace design, 
gas inlet location, effect of furnace leaks, and the prin- 
ciples involved are given consideration. 


INTRODUCTION 

1. When annealing malleable iron without pots, it is neces- 
sary to surround the castings with an atmosphere that will not 
scale the iron. There are several types of gas generators on the 
market, each capable of transforming the available fuel gas into 
a low B. t. u. gas, non-sealing to iron. The gases from the various 
types of generator have certain individual characteristics, and 
differ, from each other, mainly, in their action on the carbon in 
the iron. Gases may be actively carburizing, actively decarburiz- 
ing, or practically neutral to the carbon in the iron. 


2. Most of the production furnaces now in operation produce 
castings having evidence of both decarburization, and untrans- 
formed pearlite in a layer of varying thickness just under the 
surface of the casting. There may be from 0.010 to 0.015 in. of 
complete decarburization backed by another layer of similar thick- 
ness containing varying amounts of pearlite, lying outside of a 


completely annealed core. 


3. The purpose of this paper is to discuss the analysis and 


properties of the more commonly used atmospheric gases; to 
*Engineer, Holcroft & Company. 
Nore: Presented at the Malleable Session of the 43rd Annual A.F.A, Convention, 
Cincinnati, Ohio, May 16, 1989. 
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report the results of some tests showing the effect of these cases 
on the rate of annealing of the sub-surface layer of the iron: 
and to discuss the manner in which each type of gas may best 


be apphed to production furnaces. 


("LASSIFICATION OF ATMOSPHERE GASES 


1. <All gases used as an atmosphere in malleable iron anneal- 
ing are either carburizing or decarburizing in their action on the 
iron, or are to all practical purposes neutral in this regard. Meth- 
ods of manufacturing these different types of gases and sample 


analyses will be given under separate headings. 


Decarburizing Gases 


5. The type of atmosphere gas machine most commonly used 
in malleable iron annealing is the simple, well-known, bright- 
annealing, gas generator, consisting of a gas-air mixer, cracking 
chamber, and water condenser. A diagrammatic sketch of this 
machine appears in Fig. 1. The analysis of the gas made in this 
machine can be varied to some extent. But, as long as the gas pro- 
duced is maintained non-sealing in its action, it will actively decar- 
burize the iron being annealed, except during the last few hours 
of the annealing cycle, when the temperature is low and there is 


very little combined carbon left for the gas to act on. 


ANALYSIS OF GAS PRODUCED BY A SIMPLE GENERATOR WITH 
LIMITING Mrx Ratios 


Table 1 
Mix Ratio 
Natural Gas; Air H,O CO, CO H, CH, No 
1 : 4 3.0 4.0 12.5 15.1 4.0 61.4 
1 : 7 3.0 5.3 10.0 14.0 0.6 67.1 


6. The analysis of the gas produced by this machine is 
varied by altering the gas-air ratio fed to it. The limit of opera- 
tion on the rich side is determined by the fact that the gas-air 
mixture must be combustible, and on the lean side by the gas 
formed becoming oxidizing to iron. The limiting mix ratios and 
analyses produced are approximately as shown in Table 1. 

7. Some generators on production furnaces are being op- 


erated with mix ratios that produce gases oxidizing in character, 
with apparently better results than when richer mixtures were 
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used. This method of operation will be discussed later in the 
iper. It is sufficient at present to make the observation that the 


analysis of the gas produced by the generator is altered by reaction 


th the carbon of the iron in the furnace, so as to become non- 


sealing in character. 
Neutral Gases 


To the best of the writer’s knowledge no production fur- 


wes are as yet being supplied with a gas which may be con- 















































Fig, 1—SKeETCH oF A SIMPLE, BRIGHT-ANNEALING, GAs GENERATOR, CONSISTING OF A Gas-AIR 
Mrxer, CRACKING CHAMBER, AND WaTeR CONDENSER. 


sidered to be practically neutral to the carbon in the iron being 
annealed. 


9. Before defining the term ‘‘ practically neutral’’ it is neec- 
essary to consider the possible carburizing and decarburizing rates 
at the temperatures of the first and second stages of the annealing 
eyele. In 1 hr. at 1750°F., a common first stage annealing temper- 
ature, it is possible to carburize or decarburize as deep as is pos- 
sible in approximately 24 hr. at 1350°F., an approximate average 
of the second stage temperature range. For this reason it is neces- 
sary for practical purposes to consider the effect of the gas on the 
iron only during the first stage of the annealing cycle. Further- 
more, since the combined carbon in the iron remains high during 
this first stage, it is possible to produce gases which will have little 
or no carburizing or decarburizing action during this part of the 
cycle. These gases may be termed ‘‘ practically neutral.’’ 
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10. In industry, atmospheres, which may be termed neutra 
to high carbon steel or iron, are being used mainly in furnaces for 
clean hardening high carbon or previously carburized steel parts 
such as gears, piston pins, ete. No decarburization is permissible 
during the hardening. This type of atmosphere gas is being mar 


factured by two methods. 


11. The first of these machines built for a large continuous 


furnace was installed at the Buick Motor Company in 1935 and is 
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j Fic, 2—SKketcn or a CuHarcoa, Gas GENERATOR CONSISTING oF a Gas-Arn MIXER, CRACKING 
CHAMBER, WATER CONDENSER, AND AN EXTERNALLY Heatep Rerort Fictep witH CHakcoal 


popularly known as a ‘‘chareoal gas generator.’’ A diagrammatic 
sketch of such a generator appears in Fig. 2. The generator con- 
sists of an externally heated retort filled with charcoal, through 
which is passed a gas of the type produced by the bright-annealing 


gas generator previously deseribed. 


12. In its passage through the hot bed of charcoal, the 
bright-annealing gas is allowed to complete its tendency to react 
with carbon. In so doing, the gas undergoes a change in composi- 
tion and becomes one having the following approximate analysis: 
H»O 0.2 per cent, CO2 0.2 per cent, CO 20.0 per cent, Hy 22.0 per 
cent, CH, 2.0 per cent, Ne 55.6 per cent. This gas differs from the 
bright-annealing gas only in that the two decarburizing gases — 
water vapor and carbon dioxide — have been converted almost 
entirely to carbon monoxide and hydrogen. This gas may be con- 
sidered neutral in its affect on the carbon of the iron as a result. 


13. Another method of producing a gas somewhat similar in 
analysis and action, is to treat bright-annealing gas chemically to 
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move the two decarburizing constituent gases — carbon dioxide 
water vapor. An Ethanol-amine solution is used to absorb 
lioxide and activated alumina is the adsorbent usually used for 


iter vapor 


( irburizing Gdasés 


14. Because of limitations imposed by the volume of gas 
sually required by malleable annealing furnaces there are only 
two methods of manufacturing a carburizing gas which need be 
‘considered. These two methods are alike in that they embody the 
addition of a hydrocarbon such as natural gas or propane to one 


the neutral gases listed above or to bright-annealing gas. 


15. If the hydrocarbon, bright-annealing gas mixture be 
ised, it is necessary to feed the mixture to the hot zone of the 
furnace. Here the two gases react and the decarburizing agents 
disappear. Because the necessary ameunt of hydrocarbon addition 
is large, a rather heavy deposition of carbon occurs both on the 
vork and heating tubes or elements in the furnace. This deposi- 


tion of carbon can become very objectionable. Only 1 to 5 per cent 


of hydrocarbon added to charcoal gas is sufficient to give this gas 


a noticeable carburizing action. Very little soot deposit occurs in 


this instance. 


ANNEALING TESTS 

16. In order to determine the effect of the above gases on 
malleable iron being annealed, samples of white iron were held 
in first, a decarburizing atmosphere, and second, a carburizing 
atmosphere. The samples were held at first stage annealing tem- 
peratures for a longer time than is normal for the iron used. The 
bars were then removed and allowed to cool. However, before sub- 
jecting the test bars to this treatment, 4 in. was machined off one 
side of each white iron bar. After removing micro-samples from 
each bar, they were then cut in two and the four resulting test 
bars treated as follows: One piece of each original bar was given 
a protective coating of non-case and packed in a small pot of 
spent carburizing compound. These samples were then given an 
accelerated second stage annealing, consisting of heating to 
1600°F., then cooling and holding at 1400°F. for 3 hr., followed 
by further cooling and holding at 1325°F. for 2 hr. An ineom- 
pletely annealed structure was desired in order that the progress 
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of the annealing in the core and surface layers could be compared, 


and relative annealing rates determined. 


17. The second piece of each bar was given a similar time 
and temperature treatment in a gas similar in character to that to 
which it had been exposed during the prolonged first stage. A 


tabulation of the tests would be as shown in Table 2. 


18. The first stage annealing in a decarburizing atmosphere 
was done in a production malleable annealing furnace in which 
the atmosphere analyzed approximately 6 per cent COs and may 


be eonsidered fairly actively decarburizing. At the end of 24 hr. 





at 1750°F. a micro-sample showed total decarburization to a depth 
of 0.012 in. under the rough cast surface and 0.016 in. under the 
machined face. Back of the total decarburization was a layer 
which etched darker being apparently higher in combined carbon 
This layer varied in depth on the cast faces and the average was 


somewhat lighter than on the machined face. 


19. Samples 1 and 2 were almost identical both showing total 
decarburization of 0.017 to 0.018 in. on all surfaces. This was 
backed by a layer high in pearlite, 0.030 to 0.035 in. deep on the 
machined face and 0.055 in. deep on the as-cast faces. A miecro- 


graph typical of the condition on the east and machined faces is 


i 


shown in Kk ig¢ 


Table 2 
TABULATION OF ANNEALING TESTS 


First Stage —— = 


Sample Time, Temp., Remarks 
No. Hr. af 
1 24 1750 decarburizing gas 
2 24 1750 decarburizing gas 
} 48 1680 carburizing gas 
j 48 1680 carburizing gas 


Second Stage 


Sample Temp., Time, Temp., Time, Temp., Time, Remarks 
Vo. F. Min. °F. Hr. - so Hr. 
l 1600 10 1400 3 1325 2 decarburizing gas 
2 1600 10 1400 3 1325 2 surface protected 
3 1600 10 1400 3 1325 2 carburizing gas 
4 1600 10 1400 3 325 2 surface protected 
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Fic. 8—MicroGrapHs or Sections THroucH As-Cast (A) aNp Macuinep (B) Faces or 
SamPLe No. 1 Hetp ror a Protoncep First StaGE aNpD ACCELERATED SECOND STAGE ANNEAI 
iN 4 DecarsuriziINc ATMOSPHERE. PerartireE Extenps Deeper Unper As-Cast Face.—80x. 
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2). The bars annealed in a carburizing gas were all held foi 
stage annealing in a gas carburizing furnace in which the at 
mosphere consisted ot approximately 85 per cent chareoal gas and 


15 per cent natural gas. After the high temperature treatment, 


only the bar from which samples 3 and 4 were made, showed no 


ferrite around the carbide particles for a depth of 0.010 in. from 


the machined surface and 0.050 in. from the unmachined faces. 


21. Samples 3 and 4 were almost identical in so far as rela- 
tive annealing rates are concerned. Neither showed any positive ev- 
dence of carburizing action during the second stage as would be 
indicated by pearlite to a depth of 0.005 in. or less on the machined 
face. Both samples were as far progressed in annealing at the 
machined faces as in the core of the casting. If any part seemed 
more nearly completely annealed it was near the surface. How- 
ever, under the as-cast faces, heavy pearlite is visible to a depth 
of 0.100 in., the last 0.030 in. of which has gradually less pearlite 
finally becoming similar to the average core structure. Photo 
micrographs of areas next to the machined and as-cast surfaces 


representative of these samples are reproduced in Fig. 4. 


22. This phenomenon, of sub-surfaces of machined and east 
faces showing very different annealing characteristics, is apparent, 
irrespective of the type of gas used. It is either inherent in the 
easting or results from an action of both types of gas used in the 
tests because of a difference in the characteristics of the surfaces 


or of the sub-surface metal. 


3. As a check on this, a bar with one face machined was 
annealed with production castings in a furnace using a decarburiz- 
ing atmosphere. Micro-samples from this bar showed only 0.002 in. 
total decarburization, backed by 0.010 in. of pearlite on the ma- 
chined face and 0.010 in. of total decarburization backed by 
approximately 0.013 in. of pearlite on the as-cast face. That is, 
pearlite appeared to a depth of 0.012 in. under the machined face 
and to a depth of 0.023 in. under the as-cast face. Photo micro- 
graphs of this sample are reproduced in Fig. 5. 


24. The total decarburization being less on this bar than on 
samples 1 and 2 is probably due to the shorter time in the first 
stage of annealing. The bar was held approximately 10 hr. at 
1750°F. as against 24 hr. on samples 1 and 2. The shallower 
depth of pearlite may also be due to this fact, but probably is more 
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Fic. 6—MicrocrarHs oF Sections THroucH As-Cast (A) aND Macuinep (B) Faces oF 

SAMPLE HELD 72 Hours at 1680°F. un a CARBURIZING ATMOSPHERE FoLLOWED By 18 Hours 

aT 1450°F. wir Att Faces Prorecrep. Nore Iron UNpeR MACHINED Face AND IN CoRE 
Atmost CoMpLETEL.Y ANNEALED AND Heavy PearuireE Unper As-Cast Face.—80x. 
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likely due to the second stage of annealing being 10 hr. rathe 


than 5 hr 


25. Another sample of high silicon iron treated in the 
burizing atmosphere behaved similarly to samples 3 and 4, 
third sample of a different heat of iron similar in analysis 1 
samples 5 and 4 was held 72 hr. in a carburizing atmosphere 
1680°F. After cooling it was reheated to 1450°F. and held wi 
its surfaces protected for 18 hr. This sample showed that bot 
the machined face and core were almost completely anneale 
whereas excessive pearlite appeared to a depth of 0.120 in. unde 


the as-cast face PI OTTO mi ‘rographs of this sample are reproduced 


26. These tests seem to indicate that a earburizing gas 4 
mosphere, if anything, slightly accelerates rather than retards the 
annealing of malleable iron whereas a decarburizing atmospher 
does have a marked undesirable effect. However, before this ea 
be considered a fact, a further series of tests are indicated 
which part of each test bar treated is protected from the actio 
of the gas by an impervious coating of some kind in the first stage 
annealing as well as during the accelerated second stage of the 
eycle. A comparison of these samples will show definitely whether 
the action of a carburizing gas improves or retards the annealing 
rate of the as-cast sub-surface and whether the phenomenon show: 
above is due to an inherent characteristic of the white iron easting 


or partially at least due to gas action. 


APPLICATION OF ATMOSPHERE GASES TO FURNACES 


27. The as-cast sub-surface apparently anneals more slowly 


than the core metal in both types of atmosphere tested. For this 


reason the time of the annealing cycle must be based on the anneal- 
ing rate of this sub-surface metal. 


28. Where the time cycle is adequate for this slower anneal- 
ing part of the casting, the avoiding of decarburization is the main 
consideration in the application of atmosphere gas to a furnace 
If there is any beneficial action at all from a carburizing gas ov 
an as-cast sub-surface metal, it is apparently very slight in terms 
of the difference in the annealing rate of this metal and the core 


For this reason, a carburizing gas is not indicated, provided de 


carburization can be avoided when bright annealing gas is used 
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The annealing box points the way to the best method of 
¢ bright annealing gas to a furnace and at the same time 
deearburization. In a weli luted annealing box, there is 
ve movement or flow of gas over the work being annealed. 
; the volume of gas in the box, or that allowed to enter the 
reat enough to have any material effect on the load of iron. 
it any material change in the iron, the small volume of gas 
box is rapidly changed to one which is neutral in its action 
elements in the iron. 
As in the case of a box, a furnace must be almost per- 


gas tight if this principle is to be applied. Infiltration of 


air through small eracks in the furnace structure will cause de- 


carburization and the accompanying untransformed _pearlite 


behind it. 


31. Applying the principles of the box to a furnace consists 
of using only sufficient gas to prevent air infiltration and feeding 
this gas to the furnace as near as possible to where it escapes. 
In the ease of a continuous furnace almost all the gas should be 
fed to the vestibules which necessarily must be flushed between 
pushes. In the case of batch furnaces, the doors can be made gas 


tight and almost no gas is required. 


9 
) 


32. The term 


‘almost perfectly gas-tight furnace’’ is a rel- 
itive one, and can best be defined by a consideration of the amount 
of gas which may escape through small cracks. Any furnace when 
heated will act like a low, but very efficient chimney. There is a 
strong tendency for gas to leak out the top of the furnace, and for 
alr to seep in at the bottom. There is normally enough pressure 
at the top of a furnace to force all the gas, which should be fed 
to a large continuous furnace, out through a 1 in. diameter hole. 
[t is very easy for a number of small cracks to add up an area 


greater than this figure. Air infiltration inevitably follows. 


33. Possible furnace tightness should be considered of major 
importance when selecting the type of batch furnace best suited 
for malleable iron annealing without pots. Muffles, unless gas- 
tight, will introduce operating problems. Doors should be pro- 
vided with gaskets. Car type furnaces are difficult to seal. Tube 
fired or electric furnaces with trays operating on rollers and the 
bell or cover type of furnace can easily be made gas tight on the 
other hand. Where unavoidable leakage occurs, the addition of a 





a a 
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hydrocarbon to the gas fed to the furnace will reduce decarburizg. 


tion and the effects of it on the annealing of the iron. 


34. Some production annealing furnaces, on the other hand 
are being purposely operated to maintain a highly active decar. 
burizing gas within the furnace chamber. <A very lean gas-air 
mixture is fed to the generator, in order to make a gas that wil! 


remove a maximum of carbon from the iron per unit volume. 


35. This type of operation has in certain instances give 
better iron than when a more neutral atmosphere was maintained 
in the furnace. The reason for this is apparently that in a neutral] 
atmosphere there was too much dark-etching pearlite remaining 
in the slower annealing metal immediately under the surface o! 
the castings. This pearlitic layer would probably have annealed 
with a somewhat longer time cycle. However, instead of increasing 
the time, the combined carbon in the pearlite was reduced by 
decarburization rather than graphitization. Satisfactory commer. 
cial results are obtained if this decarburization proceeds to a point 
where the pearlite is in patches and etches rather light, even 
though it is noticeable to a depth of 0.030 in. When this principle 
of operation is being applied, large volumes of lean-mixture bright- 
annealing gas should be fed to the furnace at points where the gas 
will be made to flow over the iron in the high temperature part 


of the furnace. 


36. Pearlitic malleable iron presents a somewhat different 
problem. Many parts are to be hardened after grinding opera- 
tions from which very little stock is removed. For this reason 
decarburization during the annealing cycle can not be tolerated. 


> 


37. The best operating combination for pearlitic malleable 
should be chareoal gas applied to a tight furnace. In this instance 


the gas may be fed to the furnace at any point. 


> 


38. Another method, applicable only to a tight furnace, is 
to flush the vestibules with bright-annealing gas and feed into the 
hot zone of the furnace a very small volume —e. g. 100 to 200 
eu. ft. per hr. —of bright-annealing gas to which has been added 
approximately 15 per cent of its volume of natural gas. Large 
volumes of natural gas and bright-annealing gas mixtures fed to 
a furnace will cause operating troubles due to the accumulation 


of carbon in the furnace and on the heating tubes. 
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DISCUSSION 


Presiding: C. L. JOSEPH, Saginaw Malleable Iron Division, Gen- 
eral Motors Corporation, Saginaw, Michigan. 


F. L. WoLF!: What are the commercial possibilities of using this 
process in an intermittent type annealing furnace? I assume that the 
data presented were obtained on an electric furnace. What are the 
commercial possibilities of applying gas control to the intermittent 
type furnace? Considering a coal-fired furnace what could be done to 
make use of atmosphere control? 


Mr. Dow: We have had no experience using powdered coal in 
atmosphere furnaces. Gas is, of course, being quite commonly fired in 
radiant tubes that act in a furnace like heating elements. Tests have 
been made with powdered coal fired in radiant tubes. 


Mr. WoLF: I was thinking about the ordinary intermittent type 
of annealing furnace in which you put your charge, bring it up to your 
holding temperature and hold it for 40, 50 or 60 hours, whatever the 
cycle may be. If the furnace is powdered coal fired, oil fired or gas 
fired it is necessary to remove the products of combustion frequently 
so it appears as if it would be impractical to control the furnace at- 
mosphere. If practical it would probably be an expensive procedure. 


CHAIRMAN JOSEPH: I would think the way to do that, would be 
to install radiant tubes. I don’t believe you can get atmosphere control 
in a powdered coal fired unit. 


Mr. Dow: I believe the first requisite of the gas would be almost 
impossible to obtain; i.e., that it be non-scaling. The coal would have 
to be fired on the outside of a muffle, and [ think it would be very 
difficult to keep a refractory muffle free of those small cracks which can 
cause so much damage. 

C. C. LAWson:2 We have a radiant tube furnace and we have a 
gas machine practically like Mr. Dow showed on his first chart. We 
run this oven at 1100 to 1200°F. and purge the furnace, and we hold 
the CO at about 15 per cent and the CO, usually runs 1 to 2 and some- 


* Technical Supt., Ohio Brass Co., Mansfield, Ohio. 
* Superintendent, Wagner Malleable Iron Co., Decatur, Ill. 
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times 3 per cent, and we must have all cracks in the oven sealed. We 
can’t have any leaks in the tubes because if we do, we get into troubk 


In other words, we lose our pressure right away. 


We find that most of our pearlitic iron is caused from cooling 
rather than from the mixture of gases that we have in this furnace 
during the cycle. In other words, we hold it right under the critica] 
point for about 8 hours and we find that this eliminates all traces of 
pearlite, either on the edges or elsewhere through the casting. We think 
that the cooling process of this oven is more important, really, than the 
gases that are fed into it. Of course, we know that the gases have t 
be neutral, or practically so. We do find that the cooling is where we 
do or do not get pearlite. 


I don’t believe I can add much on the gases to what Mr. Dow has 
said. I think he covered that pretty thoroughly. We have operated this 
furnace for about 2% years and just lately we have found that we had 
to go in and take some of the tubes out. The tubes were screwed to- 
gether in sections and we found that some of the tubes had started to 
pull and loosen up around the threads. We have taken these tubes out 
and welded around the threads and put them back in, and I think the 
company that built this oven is now welding all their tubes that go in 
instead of screwing them in in sections. 


CHAIRMAN JOSEPH: What you are doing, you are holding for & 
hours rather than to control the gas close enough to prevent the rim. 


Mr. LAWSON: We are holding the atmosphere in there to control 
the rim all right. I don’t mean that we have an oxidizing condition in 
there at all. But I do know that, regardless of how you hold your 
atmosphere in there, if you don’t do it right, you will get pearlite next 


to the surface. 


Mr. Dow: That seems to be the experience of others — that the 
action of the gas is a factor of minor importance in the formation of 
the pearlitic rim, unless the gas be actively decarburizing and the flow 
be high. The analysis of the gas given by Mr. Lawson is that of ar 
almost neutral gas, very, very slightly decarburizing if any. 


Mr. Wotr: What about the extra expense using gas control? How 
much does it add to the expense of annealing? 


Mr. LAWSON: We cut our annealing cost one-third from our old 
procedure in gas and we get this natural gas pretty cheaply down in 
Decatur. We pay 21 cents for it and that is a lot cheaper than most 
can buy gas, I think. 


CHAIRMAN JOSEPH: We use around 2800 cubic feet of natural gas 
per ton and about 400 cubic feet of that goes to the control of the 
atmosphere. 





DISCUSSION 


H. BORNSTEIN*®: Our work has been done on a one-ton radiant tube 
furnace, more or less experimental, and our experience is just about the 
same as that of the Wagner Malleable. We have found the annealing 
cycle is much more important than the analysis of the gas, when we get 
the gas anywhere near right. We are using a mixture of natural gas 
and partially burned (DX) gas and we obtain a furnace atmosphere 
similar to that described by Mr. Lawson. For further details see our 
discussion of paper by De Coriolus and Cowen in the 1938 Transaction 
of A. F. A., pages 13-17. When our cooling rate is too fast during the 
secondary stage of the annealing, we will get pearlite. We can eliminate 
it by slowing down. 


Mr. Dow: It is my belief that this tendency for many irons to 
anneal more slowly under the cast surface than in the core has been 
wrongly blamed on the gas atmosphere, much of it that is not due to 
the gas atmosphere at all. 


Mr. BORNSTEIN: I might say that we tried out a number of com- 
binations of atmosphere and we found we could vary the atmosphere 
over a pretty wide range without, seemingly, any effect on the amount 
of decarburization or the amount of pearlite that we got. 


CHAIRMAN JOSEPH: A short time ago we took some white iron bars, 
ground one-quarter inch off the surface and packed some of these bars 
in a pot and sealed the pot tight. We took the same iron and ground 
the bars about one-quarter inch deep and put them through the 
atmosphere control oven and found that the bars which were sealed in 
the can and put through the oven, on both the machines and the as-cast 
surface, showed no difference. The temper carbon spots were right out 
to the outside of the casting. The bars put into the oven without being 
sealed showed the temper carbon spots further in from the surface, 
with a far less depth of decarburization on the machined surface than 
on the as-cast surface, which would indicate that the atmosphere is im- 
portant, because in the sealed can, the atmosphere didn’t have any 
hydrocarbons present, whereas in the open atmosphere in the oven, the 
hydrocarbons possibly attacked the surface of the metal and were the 
cause of the heavy decarburization on the as-cast surface, whereas on 
the machined surface the decarburization was very low and the temper 
carbon spots were practically out to the surface. So I still think that 
the atmosphere is very important. But I do think that there are other 
things besides carbon monoxide and carbon dioxide that we can’t really 
watch very closely that causes this. 


E. G. DE CortoLus*: I am inclined to agree with those who say that 
the atmosphere in the malleablizing furnace is not of such tremendous 
importance. In other words, to be sure, you want an atmosphere which 
is non-scaling to begin with, but so far as rigidly balancing your 
atmosphere with respect to the metal, I believe you are attempting to 
do something which is not absolutely essential for a commercial product. 


® Director of Laboratories, Deere & Co., Moline, II. 
* Research Director, Holcroft & Corp., Toledo, Ohio. 
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We are operating a continuous malleablizing furnace today with the 
atmosphere secured directly from the burner equipment of the furnace 
itself. We have no external preparation unit of any kind and we make 
up for deficiencies of carburizing agent by adding a very small amount 
of charcoal to each load as it goes through the furnace. We have a 
slightly decarburized rim which is no greater than one which we secure 
from other furnaces where we attempt to more closely control the 
atmosphere, 


I have had no experience in determining the rate of decarburization 
of the as-cast bar as compared to the machined bar. The work which 
Mr. Dow has done on this is very interesting. But from the commercial 
standpoint, such as is now required, at any rate, it seems to me that we 
don’t want to build up in the minds of the foundrymen the idea that the 
atmosphere is of tremendous importance, but that it is something which 
is very easily controllable and that you don’t have to fuss too much about 
the operation of your furnace. The flue gases that you can produce by 
the combustion of the usual natural gas are perfectly satisfactory and, 
as a matter of fact, for the addition of your non-decarburizing con- 
stituent, a small amount of charcoal will go a long way to help out in 
the operation of the furnace. 


Mr. LAWSON: I don’t want anybody to get the impression I made 
the statement that we do not control our atmosphere. I wasn’t trying 
to detract at all from the neutral atmosphere, because we do control our 
atmosphere. 


CHAIRMAN JOSEPH: We understand you do, except we were glad to 
hear that you don’t think the atmosphere is as important as a lot of 
people think it is; but I still think it is very important, because in the 
summer time when the moisture content of the atmosphere is high, we 
find that the decarburization is greater than it is in the winter time, 
and there are very few of us who take care of the moisture in the 
atmosphere that goes into the radiant tube ovens. All we do is to cool 
the gas down to the temperature of the room, which is, in the summer 
time, rather high, and the atmosphere contains a lot of moisture, whereas 
in the winter time the atmosphere is colder and there is less moisture 
in the air. But there is something there that causes more decarburization 
due to the moisture content. It is probable that the moisture breaks up 
into hydrogen and oxygen, and causes a greater amount of decarburiza- 
tion when the moisture content is high. 


H. A. SCHWARTz*: I recall some 15 years ago when we were play- 
ing with these things on a laboratory basis that we were interested in 
the reaction of hydrogen gas with white cast iron, the experiment being 
merely a combustion furnace with a quartz tube in it, some pulverized 
white cast iron in the bottom of the inside and a stream of hydrogen 
passing through. The experiment was not originally set up to see how 
much carbon would come out. We very promptly found that if we burned 
the gases coming out of this tube, burned copper oxide and passed the 


* Manager of Research, National Malleable & Steel Castings Co., Cleveland, Ohio. 
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ducts of combustion through a barium hydroxide solution, we got a 

of barium carbonate. Our first thought was that our hydrogen, which 

tank hydrogen, was not very pure, and we were getting a reaction 
with traces of oxygen. 


We finally set that experiment up, purifying the hydrogen of oxygen 
y passing it through the liquid sodium potassium alloy, which we felt 
ire was a better reducing agent than iron could be, and we still had a 
of presumably methane, maybe one of the other methane hydro- 
carbons coming out. That reaction will continue down to temperatures 
of just a very few hundred degrees centigrade. My recollection from 
memory is that we found it as low as 200°C., certainly as low as 300 
to 400°C. 


So there are other means of decarburization as well as oxidation, 
and the reaction which combines the hydrogen, and oxygen to produce 
methane, or some of the methane-propane series, is quite important. 
How important it is to the malleable man who wants to anneal some 
iron may be another question. I offer that comment on hydrogen merely 
in support of the Chairman’s comments rather than as having to do 
with what you get in an actual annealing furnace. 


W. D. McCMILLAN®: We have had about three years’ experience 
with the equipment and there are two items that I think I ought to men- 
tion. We have mentioned the fact that the atmosphere is not important, 
that the cooling rate is more important, but I think that we should 
qualify that a little bit by saying that the atmosphere is very important 
from a non-scaling standpoint but from the control of the pearlitic skin 
it is less important. However, we have had this experience, that the 
volume of gas that goes through the furnace will have a direct effect 
on the amount of pearlitic skin we get. We run about 300 or 400 cubic 
feet of gas per hour, that is, atmospheric gas, and if we keep that down, 
we have a much thinner pearlitic skin than if there is a larger volume 
of gas that runs through the furnace. Now, that indicates there is to 
some extent a quantitative reaction. The more gas, the more skin. 
Therefore, there must be some relationship between the pearlitic skin 
and the amount of gas that is used. 


Mr. Dow: In our tests even the machined surfaces showed a re- 
tarded annealing rate where the action of the atmosphere was decar- 
burizing and it is my belief that an actively decarburizing gas will cause 
pearlite to appear under the surface of the iron where the annealing 
time has been adequate to fully anneal the iron, were the decarburiza- 
tion absent. With an almost neutral atmosphere this becomes a minor 
affect and very little extra second stage annealing time is sufficient to 
eliminate the rim. 


It is easy to get a neutral atmosphere in a tight furnace but where 
leaks require that a large volume of gas be fed to the furnace to prevent 
sealing it is very difficult to avoid decarburization and the deeper 
pearlitic edge that results. 


* Metallurgist, International Harvester Co., Chicago, Il. 
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This paper was first prepared some time ago with all tests on un- 


machined surfaces. The results indicated there was some factor other 
than atmosphere affecting the surface rate of annealing and the tests 
were all re-run with machined and unmachined surfaces for comparison. 


MEMBER: I would like to know what is meant by a machined sur- 
face. The author is talking about the machined surface of white iron 
and what is the difference between a machined and an un-machined 
surface from the standpoint of the reaction in the annealing oven? | 
just don’t follow that trend of thought. 


Mr. Dow: In our earlier tests, irrespective of the atmosphere, there 
seemed to be a slower annealing rate under the as-cast surface, enough 
so that we felt there was something there other than the atmosphere 
affecting the annealing. The core seemed always to anneal faster. So 
we machined the surface off the white iron in order to have core iron 
at a surface where the gas could affect it. This gave us a more equal 
comparison—identical irons, one affected by the gas and one not. The 
procedure is of no value from a practical angle but it does show better 
the affect of the action of the gas. 








Properties of Some Copper-Bearing Cast Steels 


(. T. GREENIDGE* anp C. H. Lorie,* CoLtumsBus, OHIO 


Abstract 


The effects of up to 2.40 per cent of copper on the 
mechanical properties of heat treated plain-copper and 
low-alloy copper cast steels are discussed. The low-alloy 
copper cast steels contain one or more of the following 
elements: vanadium, titanium, aluminum, molybdenum, 
columbium, zirconium, chromium, silicon, and manganese, 
the last two in higher than normal percentages. Proper- 
ties of the plain copper cast steels in the fully annealed, 
the normalized, the normalized and drawn, and the 
quenched and drawn conditions, and of the low-alloy cop- 
per cast steels in the fully annealed, the normalized, and 
the normalized and drawn conditions are given. 

Copper contents above 0.50 per cent increase markedly 
the tensile and yield strengths of fully annealed, of nor- 
malized, and of quenched and drawn cast steels with only 
a slight lowering of the ductility and resistance to impact. 
Since the copper increases the yield strength more rapidly 
than the tensile strength, the copper-bearing steels have 
high yield ratios. The unusual ability of copper steels con- 
taining 0.7 to 2.0 per cent of copper to precipitation 
harden makes it possible to increase the hardness, tensile 
and yield strengths without lowering the ductility propor- 
tionately by drawing normalized steel at 800 to 1100°F. 

Several alloying combinations containing copper and 
one or more of the other common alloying elements are 
satisfactory for use in low-alloy, high strength cast steels. 
Two types of low alloy cast steels are discussed in detail; 
namely, the copper-manganese-titanium steels and the 
copper-chromium steels containing either aluminum or 
titanium. 

Metallurgist, Battelle Memorial Institute. 


. 
Nore: This paper was presented at a session on Steel Castings at the 43rd Annual! 
A. F. A. Convention, Cincinnati, Ohio, May 17, 1939. 
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INTRODUCTION 


1. Copper has been used commercially as well as experimen. 
tally in cast steels for the past 15 yrs. Kinnear’, in 1925, dis. 
eovered that copper conferred precipitation hardening to steel ané 
utilized this specific action of copper to raise the tensile strength, 
yield strength, and hardness of commercial steel castings. In cop- 
per-steels, the copper enters the ferrite from which all except about 
0.35 per cent may separate upon very slow cooling or upon arrested 
cooling or upon reheating for an extended period of time above 
800°F. On air-cooling and even moderately slow cooling, the cop- 
per is retained in the ferrite where it functions as an effective fer- 
rite strengthener. In this capacity it is of value in producing cast 
steels having high yield strength and high yield ratio. The copper 
content of commercial cast steels rarely exceeds 2.00 per cent. 
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2. With the exception of the most recent publications, the 
literature on copper cast steels is dealt with in ‘‘The Alloys of 
Iron and Copper’” and in ‘‘Copper in Cast Steel and Iron’’® and 
again rather briefly in ‘‘Steel and its Heat Treatment.’’* In spite 


* Superior numbers refer to bibliography at end of paper. 
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f the treatment in these sources, there is a dearth of information 
| the effect of copper in cast steels. An investigation designed to 
provide more information of this kind constituted one phase of a 


research program sponsored at Battelle Memorial Institute by Ana- 


conda Copper Mining Company, Phelps-Dodge Corporation, and 
Kennecott Copper Corporation for the benefit of the copper indus- 
try. This paper presents some of the results of the investigation. 


PLAIN CopprpEeR Cast STEELS 


3. The plain-copper steels as well as the low-alloy copper 
steels were prepared in either an acid or a basic-lined high fre- 
quency induction furnace (the steels from either furnace had essen- 
tially the same properties) and were poured into 65 lb. double-keel 
block test castings of a section size shown in Fig. 1. The legs of the 
block were 15 in. long. Each leg provided material for two tensile 
specimens and one triple-notched, Izod specimen. The usual pro- 
cedure was to remove the legs with a torch, heat-treat them and 


finally machine the specimens. 
Fully Annealed Copper Cast Steels 


4. Properties of copper steels fully annealed for 1 hr. at 1600 
to 1650°F. are given in Table 1 and shown graphically in Fig. 2. 


5. Additions of less than 0.50 per cent copper had only a 
minor effect on the mechanical properties. As the copper content 
increased from 0.50 to 1.30 per cent, the tensile strength, yield 
strength, and hardness increased rather rapidly; and the elonga- 
tion, reduction of area, and impact resistance decreased slowly. 
Little further change in properties was effected by increasing the 
copper content from 1.30 to 2.40 per cent. In fact it appears that 
the tensile strength and hardness reached a maximum value at 2.00 
per cent copper. 


6. <A few tests indicated that the fully annealed copper steels 
did not respond to a precipitation hardening treatment. This was 
undoubtedly due to the fact that cooling from the annealing tem- 
perature was too slow to retain a sufficient amount of copper to 
form a supersaturated solution with ferrite. This failure to preci- 
pitation harden is characteristic of copper steels on full annealing. 


Normalized and Normalized and Drawn Copper Cast Steels 


7. The properties of normalized and normalized and drawn 
copper cast steels are set forth in Table 2. Properties of the steels 
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Fic, 2—Errecr or Copper ON Properties oF Futty ANNEALED CAsT STEELS CONTAINING 
0.29—0.31 PER CENT C, 0.65—0.87 PER CENT MN, 0.34—0.44 PER CENT SI. 


in this table show that copper contents below 0.50 per cent have 
little effect on the mechanical properties. Above 0.5 per cent and 
up to 2.0 per cent copper, the tensile strength, yield strength, and 
Brinell hardness increase rapidly while the elongation, the reduc- 
tion of area, and the resistance to impact decrease slowly with in- 
erease in copper content. Above 2.0 per cent copper the increase 
in strength with copper content is small. The effects of copper on 
properties of normalized cast steels are shown graphically by the 
eurves of Fig. 3. 


8. In the normalized steels the copper forms a supersaturated 
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on with the ferrite whereas in steels that are fully annealed, 

r in excess of the solid solubility of copper in ferrite has ap 
itly coalesced into particles larger than the critical size for 
pitation hardening. The copper held in supersaturated solution 
he normalized steels strengthens the ferrite more than if it were 
ipitated in particles larger than the critical size for precipita- 
hardening; hence its influence in the normalized steels is more 
suneed than in the fully annealed steels. 


NORMALIZED AND 
——-— PRECIPITATION 
HARDENED 


120,000f- 


— NORMALIZED ——g__ 
/ 


TENSILE 
STRENGTH 


LB PER 


YIELD 
STRENGTH 


5 
us 
= 
n 
Oo 
WwW 
> 
oO 
Zz 
= | 
WwW 
=) 
z 
ad 


BRINELL 
HARDNESS 


HARDNESS 





BRINELL 


REDUCTION OF AREA 
OE a a 


—_= ~— 


PER CENT 


ELONGATION 








ELONGATION AND REDUCTION OF AREA 


COPPER-—PER CENT 


Fic. 8—Errect or Copper CoNTENT AND PRECIPITATION HARDENING ON MECHANICAL PRoOpER- 
TIES OF NorMa.izep Cast STEELS CONTAINING 0.30—0.82 PER CENT C, 0.65—0.85 PER CENT 
Mn, 0.85—0.45 per CENT Si. 








CAST Srrezs 


z 


cR- BEARING 


COPPE 


n6l 





ssaupAD YT 








0 


if 


ULL 


_~ 


oO 


Oo 06! 
O £83 








g'88 
st 

0'9oF 

ore 

o’s¢ 0°63 
a"18 S"LI 
9°0¢ O'8s 












0°19 0's 
Ove 
rs 4 
ore 0 
10 LSE 
tt O'3s 
Q° ce oi 





aT c’ze 
a2 Yi 

OK a 
urd sad }uUa9 sad 
tp {Oo u u 
401 u“ r 

Da 19 
j4adoig jDotuny A 


000°¢Ss 


000°89 


000°r9 
000°69 


00g ro 


000°88 
000°V9 


000°8¢ 


0¢°2°68 
000°F9 





000 °6¢ 


000°RL 
ooc' ee 








( 


»O vd 


77au 


000°86 
000°I8 





000°TL 
OSL*LOT 
002°98 


000°69 


00S‘00T 
000°18 


0°3 68 
OOC ZL 





000°T9 


ONC RE 








uo panurqzUuoy) 











On6 
OgsI GL¢l 
: CLG 
GLgl 
0&6 
2091 GLEl 
086 GLI 
CLEI 
OSs GLI 
2086 CLEl 
7 GLGI 
e086 
O86 
NOddVvy) MOT 
A A 
uUNDA 
i 


4WDaAT 3 


(NV GAZIrIVNYON UNV 


2 19" 1 


H0gT 
009gT 


10991 
10S9T 


v0S9I 


009T 
00gT 


rOCOT 
O¢col 
0C9T 


r0¢9T 


r0C9I 
10C9T 


009T 
0090T 


OcgoT 
oOcol 


ocol 
Ocol 


9I 
Ocgol 











26° oro 
s6°T ove 
88'I ceo 
88°I ceo 
99°T S80 
col 4 *g°0 
g¢orl sO 
La'1 ceo 
La'I i" 
La'I 
orl £0 
b0'T cro 
t0°1 cro 
68°0 z22°0 
68°0 Ze°0 
8e°l c2°0 
8e'l C30 
LO'l C30 
LOI C30 
6L°0 
ZL°0 82°0 
nO S d ts 
} y iq ‘noimsodumoy 


GAZVIVWYON dO SaLLuddoudg 





is*0 
ts"0 


£9°0 
$9°0 


09°0 
oLo 
0L'0 
e9°0 
£9°0 
$9°0 


o¢c"o 
o¢c"o 


8¥'0 
8F°0 


up 


jDomeay) 


tlie a 


90 
ole 


6T0 


9to 
oto 


oto 
90 


80°0 
R0°O 


ore 
oro 


60°0 
60°0 











See a ee > 5 a ind a ee sea eee seven, a reed 


‘Adivy) — 9 : poz] —y], 

‘pe voypuy Sainzesoduis} oy} ye “AY [ 1OJ PIzVIyY 19M 8]99}S BY} SBSBD IYO BY} JO [[V Ul] “BLOGS WW “A JZ 1OJ pazVoyoyY ¢ 
‘1{B Uf Psjood Way} "Ay g 4OJ “YQ0G6 O} OF6 JB pazvayoy,; 

“4jU Uf PIOOD UsYyy 2"4q g 4OJ “WQOSOL JY popPBay , 


237 























833 oO 06 a tP 8°6t 009°86 000°6LI a ee Osgl ons 630°0 veo'0 ero ¢L°0 18°0 

636 0 OL Lv 8'9L 00¢°16 ae 9. —— - ae Osort ors 630°0 veo'0 ero cL0 180 

G13 J Or 8°88 8st 00¢°68 OuS'9LT a « Osol 9L'l 620°0 ¥e0'0 evo £10 [g"0 

913 J OL O'sF 8'6t 000°98 OOS’ FLT oe ee osot 9L'I 630°0 e0°0 60 oL.°0 igo 

I 098 o'S¢ 0S 000°6¢ 000°68 0081 009T 00LI os'T ¥20°0 s10°0 98°0 38°0 sso 

I 0°93 oor 0°36 00S"0L 000°F0L .. 009 OOLT os't ¥30°0 6100 98°0 63°0 620 

I 0'¥3 oss 0°S3 o0s*s9 00S ‘t6 Ostt osort ae | 180°0 v10'0 68°0 £8°0 0e"0 

1 oot ey O1s ous*s8 000°9IT 2096 Osgl oe't 1g0°0 vio'0 6°0 g8°0 oso 

I s6l L’vy a rd 000°L9 000°66 tet = ee Osol ost 1g0°0 vio 6£°0 £8°0 oso 

I 0°98 L’vs £08 000'8¢ 00°08 003I 009 OOLT val 80°0 yoo "0 99°0 62°0 

I 0°83 8'9F 61% 000°L 000'F6 en Osgl Sal 820°0 600°0 L$°0 8L°0 eo 

‘ ver 0°02 000°t8 O0S'9LT 2086 Poekee Osol al 820°0 600°0 Lg°0 8L°0 e°0 

I 0°02 L’6¥ 0°S3 00s't9 — = rr osgl al 830°0 600°0 L8°0 8L°0 s8°0 

103 OG It 8'cP O1s 00¢°28 000°0LT 2086 en ocot 1st 620°0 ¥80°0 avo ¢L°0 18°6 

OLt JOLT org 2°93 000°89 009°L6 ii Ss "i o¢ger Ié'l 630°0 ¥e0'0 evo gL.0 18°0 

S I 08 0°69 0°83 000'I¢ 00s‘t8 0061 009T 0OLT g0°T £30°0 I10°0 9¢°0 e38°0 18°0 

z . a 00g ee 00G°L¢ 005'46 Sis 009T OoLt 0°L £30°0 T10°0 9e°0 $8°0 if°0 

a I oes O°Lg 0°83 000°S¢ 00°62 008I 009T OOLT 06°0 £20°0 10°0 1v'0 890 oe'0 

ee 6ST org 0°08 osa‘i¢ 000°L8 Ss 009T 3s°0 ing 2 ee 9s°0 8L°0 1¢°0 

” Oot L1g 0°63 oos'I¢ 000°L8 irae OE rem 009T 6o"0 . : "4 98°0 810 1¢°0 
Oo 

a 6°8P £°08 o0s*og oos‘I8 aot, tal Osgort i sedis 180°0 v10°0 oro 0s"0 38°0 

S OFT D 0°03 ors 8°63 000'S¢ 00S*¢8 206 se ai oOsgr ¥z0°0 ¥£0°0 sro ¢L° 180 

9 Ort OD 013 veg "63 00s't¢ 00S'¢8 a osgl a ¥z0°0 ¥g0'0 evo SL°0 180 

> oe I o's 2°89 Sle 00S*sF 000°69 0061 009T 0OLI >: wee ty veo +9°0 83°0 

a I o's ¢°6¥ 0°33 00¢°6L a. oe ocgl 92°T 8£0°0 T10°0 £20 £9°0 3°0 

az I £03 OVS $°3z 00¢*SL 00 j ocol tees osgot 93°T 380°0 It0°0 seo 90 *2°0 

oO Ll ove 09s OFS 00s" 6¢ 000°¢8 Oe osgr 9a°I 200 It0°0 seo c9°0 a0 


i. 


SI44LS NOSUVD WOIlaa 


C 


(panuijuoyn) J e9eL 









Aes es 








238 COPPER-BEARING CAST STEELS 


9. Since the normalized steels with more than 0.35 per cent 
copper, contain copper in supersaturated solution in ferrite, they 
respond readily to precipitation hardening. The properties of nor- 
malized copper steels after a precipitation hardening or drawing 
treatment of 3 hrs. at 930°F. are also shown in Fig. 3. From this 
figure it is evident that within the range of about 0.50 to 1.75 per 
cent copper, precipitation hardening increased the tensile and yield 
strengths by as much as 16,000 and 20,000 lb. per sq. in. respec. 
tively. Maximum effect was obtained at around 1.25 per cent of 
copper. A moderate decrease in reduction of area and elongation 
and about a 50 per cent decrease in impact resistance accompanied 
the increase in tensile and yield strengths. The precipitation 
hardening effect diminished when the copper content exceeded 1.25 
per cent and practically disappeared in the neighborhood of 2 per 
cent of copper. 

10. The effective precipitation hardening temperature range 
lies between 800 and 1100°F. At the lower temperature or at 
800°F., the time required to hold the steel at the precipitation 
hardening temperature to produce the maximum hardening effect 
is about 25 hr. The holding time diminishes to about 
2 to 3 hr. at 950°F. and to 14 to 1 hr. at 1050°F. Temperatures on 
either side of the precipitation hardening range affect the copper 
steels in much the same manner as they do the copper-free steels. 
The effect of tempering or drawing temperature over the range 
from 750 to 1300°F. and the effect of tempering at these temper- 
atures for periods from 1 to 6 hr. on a group of 1 per cent copper 
east steels containing somewhat less than 0.3 per cent carbon with 
high and low manganese contents, 0.8 per cent of chromium, 1.5 per 
cent of nickel, and 1.5 per cent of nickel together with 0.5 per cent 
of chromium was shown recently by Alexander.’ He pointed out 
that due to the lowering of the impact resistance it is not always 
possible to take advantage of the full increase in strength which 
ean be obtained by precipitation hardening. However, with a steel 
not too high in carbon and by use of a precipitation temperature 
higher than that giving maximum hardness very good impact re- 
sistance can be obtained in the precipitation hardened copper cast 
steels. 


11. A unique characteristic of the normalized copper cast 
steels is that the yield strength remains at a high level after draw- 
ing at high temperatures. This characteristic together with the 
precipitation hardening characteristic make it possible to obtain 
a variety of properties by simply varying the drawing treatment. 
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Quenched and Drawn Copper Cast Steels 


12. The properties of oil quenched and water quenched cop. 


> 


per cast steels are shown in Table 3. That the steels have excellent 
properties when oil quenched and drawn is apparent from the 
properties of the two steels shown in the table. These steels com- 
bine high strength with high ductility and resistance to impact, 

13. Properties of some of the water quenched and drawn 
steels are plotted in Fig. 4. Again, it should be noticed that there 
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is little change in properties up to 0.50 per cent of copper. Above 
0.50 per cent of copper and up to at least 2.40 per cent of copper 
the tensile and yield strengths and the hardness increase, the yield 
strength increasing much more rapidly than the tensile strength, 
while the reduction of area, elongation and impact resistance de- 
crease at a relatively moderate rate. The more rapid increase in 
yield strength as compared with the tensile strength results in 
steels with increasingly higher yield ratios. 


14. Although there are no data given to show the effect of 
drawing the quenched steels within the precipitation hardening 
range, past experience with copper steels has shown that any 
precipitation hardening effects are masked by the softening action 
of the drawing treatment. 


Low AuLoy CoprpErR Cast STEEL 
Fuily Annealed Low Alloy Copper Cast Steel 
15. In Table 4 are listed the mechanical properties of a group 
of fully annealed cast steels containing copper and one of the 
following elements: vanadium, titanium, aluminum, mobybdenum, 
columbium, zirconium, and chromium. A few steels in this group 
have higher than normal percentages of manganese and silicon. 


16. Only a few of the elements, manganese, silicon, chromium, 
and vanadium in the amounts used increased the strength of the 
fully annealed copper cast steels. The greatest effect of the added 
elements was on the ductility and impact resistance. Vanadium, 
titanium, aluminum, zirconium, and chromium appeared to increase 
the ductility and impact whereas manganese above 1.20 per cent 
in 1.20 per cent copper steel decreased the ductility and impact. 
Columbium also decreased both of these properties. As the full 
benefit of most alloying elements is seldom attained in annealed 
steels, it is not surprising that the addition of other alloying ele- 
ments to copper steels has so little effect on the properties. 


Normalized and Drawn Low Alloy Copper Cast Steel. 


17. Some of the cast steels listed in Table 4 were double 
normalized and drawn and their properties are shown in Table 5. 


18. Steels containing copper and vanadium, titanium, 
aluminum, molybdenum or chromium had equal or slightly better 
strength values and notably better impact resistance than the plain 
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244 COPPER-BEARING CAST STEELS 


copper steels. In addition, vanadium, titanium, and aluminum 


raised the yield strength. 


19. While columbium im the copper cast steels markedly 
raised the yield strength, it lowered the ductility and impact 


resistance perceptibly. 


20. The properties of the steel containing 0.77 per cent 
chromium illustrated the necessity for a high draw treatment, for 
without this treatment the ductility and resistance to impact was 


low. 


21. Table 6 was prepared to demonstrate the influence of 
small amounts of titanium and aluminum on properties of normal- 
ized and normalized and drawn copper steels. The principal effect 
of adding from 0.05 to 0.10 per cent of these elements to the steels 
was to raise the yield strength and resistance to impact. Addition 
of 0.20 per cent titanium in the manganese-copper steels further 
increased the yield strength, but decreased the Izod impact and 
ductility slightly. 


Properties of Normalized Copper Cast Steels 
Containing Silicon and Manganese 

22. Table 7 summarizes the properties of several normalized 
copper steels containing more than the usual percentages of man- 
ganese and silicon. Increasing the silicon content up to 1 per cent 
appeared to have no effect on the properties of the low carbon 
copper steels of normal manganese content, but in steels with man- 
ganese contents of from 1.00 to 1.20 per cent both tensile and yield 
strengths were raised. Neither the excess silicon nor the manganese 
affected the response of the copper steels to the precipitation harden- 


ing treatment. 


23. Finlayson® has shown that commercial copper-manganese- 


silicon cast steels in the fully annealed condition have proved 


satisfactory under very severe service conditions. 


Properties of Normalized Copper-Manganese-Titanium Cast Steels 

24. From previous work it appeared that the copper-man- 
ganese-titanium steels would have properties suitable for low alloy, 
high-tensile steel castings. Manganese and copper supplement each 
other in conferring high tensile and yield strengths to cast steels. 
Titanium was found to reduce the tendency for these higher man- 
ganese steels to air harden and to improve the yield strength, 
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ductility and impact resistance. The mechanical properties of some 
of the typical compositions studied are summarized in Table 8. 


25. The changes in properties with changes in copper and 
manganese contents are shown in Fig. 5. Curves in this figure show 
that the tensile and yield strengths and the Brinell hardness in- 
crease proportionally while the ductility and impact resistance 
decrease with copper content between 0.80 and 1.60 per cent. The 
distance between the solid and dotted curves for the individual 
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SILICON — PER CENT 
Fig. 6—Errect oF SILicon ON STEELS CONTAINING 0.283—0.25 PER CENT C, 1.14—1.30 PE 


CENT MN, 0.035—0.041 peR CENT P anp S, 1.04—1.14 PER CENT Cu, 0.05 PER CENT TI 
(AmMouNT AppEep) NORMALIZED aT 1600°F. 


properties represents the change in properties as a result of a 


change in manganese content from approximately 1.15 to 1.35 


per cent. 


26. Table 9 shows the effect of rather high silicon contents 
on the copper-manganese-titanium cast steels. The relationship of 
mechanical properties of the steels normalized at 1600°F. to the 
silicon content is shown in Fig. 6. The tensile and yield strengths 
are unaffected but the ductility and impact resistance drop off 
rapidly when the silicon content exceeds 0.50 per cent. 


27. One of the effects of titanium in the copper-manganese- 
titanium steel is to decrease the grain size and to cause grain 


refinement after heat treating. 
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28. To show the effects of various normalizing temperatures 

crain size and properties, a steel containing 0.28 per cent C, 
1.22 per cent Mn, 0.38 per cent Si, 0.04 per cent P, 9.41 per cent §, 
1.10 per cent Cu and 0.05 per cent Ti (amount of Ti added) was 
normalized at 1500, 1600, 1700, and 1800°F. for 1 hr. Normalizing 

1500, 1600, and 1700°F. produced very little change in prop- 
erties: whereas at 1800°F. the tensile strength was increased and 
the Izod impact value was decreased to a very low value. The 
microstructures of the steel after the normalizing treatments are 
shown in Figs. 7 to 10 inclusive. Grain coarsening of this steel 
takes place on normalizing at a temperature somewhere between 
1600 and 1700°F. At 1800°F. it has completely coarsened. 


Properties of Normalized and Drawn Copper Chromium Cast Steels 


29. To show the result of adding 0.50 to 1.00 per cent of 
chromium to normalized copper cast steels of normal manganese 
content the steels listed in Table 10 were tested. In practically all 
these steels aluminum or titanium in amounts of 0.05 to 0.20 per 
cent was added. Steels with 0.50-0.55 per cent chromium and with 
0.10 per cent aluminum or titanium had properties comparing 
favorably with those of the copper-manganese-titanium steels in 
the normalized state. These steels were only mildly air hardening. 
On the other hand, steels containing 0.75 to 1.0 per cent chromium 
were more air hardening and required a larger amount of aluminum 
or titanium, or a draw treatment to give them satisfactory ductility 
and impact resistance. 
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DISCUSSION 
Presiding: J. W. Botton, Lunkenheimer Co., Cincinnati, Ohio 


MEMBER: Have the authors done any work on the difficulties of 


welding of plain-copper steels? 


Mr. GREENIDGE: As we have not investigated the welding of th 
plain-copper cast steels, I am unable to give specific data on their weld- 
ability. Mr. Kinnear’s experience with steels containing one per cent 
copper was that these steels welded very satisfactorily. 


MEMBER: Do the authors know of any definite limit to copper con- 
tent beyond which the welding would not be satisfactory? 


Mr. GREENIDGE: We have not determined the percentage of copper 
that makes a steel unsatisfactory for welding. Most commercial steels 
probably contain less than two per cent of copper, which, I am sure, 
does not make them unsuited for welding. 


MEMBER: I might say that I have tried some copper steels with up 
to two and a half to three per cent of copper and have tried welding 
them. I had no difficulty with the two and a half per cent copper steel. 
I haven’t gone as far as testing the welds for mechanical properties. 
I would like to know if this investigation has brought out any charac- 
teristic of the machinability of copper cast steels? 


MR. GREENIDGE: No, we really haven’t had an opportunity to com- 
pare the machinability of copper cast steels with that of other cast 
steels. I have not heard, however, that anyone is having difficulty ir 
machining copper cast steels. 


MEMBER: What was the radius at the bottom of the notch in your 
Izod specimens? 


Mr. GREENIDGE: We used the notch recommended by American So- 
ciety for Testing Materials which has a radius of 0.010 in. at the bot- 
tom. 
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A. F. A. Transaction 
Vol. X_LVII—1939 


N accordance with the publication policy estab- 
I lished in 1938, the material contained in the 
foregoing pages, consisting of papers and discus- 
sions presented at the 1939 Cincinnati Convention 
of A.F.A., is the first section of the quarterly 
Transactions. 


Succeeding quarterly issues of Transactions will 
contain papers, reports and proceedings of the Cin- 
cinnati Convention together with verbatim discus- 


sions presented at convention sessions. 


The material contained in the quarterly will be 
compiled into the annual bound volume of A.F.A. 
TRANSACTIONS, numbered consecutively with 
former years. The 1939 bound volume will be known 
as Vol. XLVII. 


The bound volume will be sent to A.F.A. Com- 
pany and Sustaining Members without charge and 
will be sent to other members only on definite re- 
quest and on payment of a fee of $3.00 to cover 
printing and binding costs. 
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Code of Recommended Good Practices 


For Metal Cleaning Sanitation 


HE new American Foundrymen’s Association 
Code of Recommended Good Practices for Metal 
Cleaning Sanitation just off the press is the fourth 
in a series of Recommended Good Practices devel- 
oped by the A.F.A. Safety and Hygiene Committee. 


This code prescribes the necessary fundamental 
engineering and construction information for the 
design, installation, operation and maintenance of 
all metal cleaning equipment and processes. The 
use of personal protective devices required in metal 
cleaning operations for the protection of health and 
safety of persons and the promotion of good house- 
keeping is also detailed. 


The material in this code as in other A.F.A. Safety 
and Hygiene codes is presented in such a manner 
that foundries not having engineering staffs as well 
as those having engineering staffs can quickly and 
readily understand it. 


Price to non-members $2.50 and to members $1.25. 
AMERICAN FOUNDRYMEN’S ASSOCIATION 


222 W. Adams S&t., 
CHICAGO, ILL. 











